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ABSTRACT
The '^ C light and dark bottle technique for measurement
of primary production was utilized as a means of assessing
tho amount of inorganic carbon being converted Into organic
form by tha photosynthesis of phytcplanktcn populations In
the Boulder Basin of Lake Mead.
Spatial and time series changes of productivity leva Is
observed at eight sampling locations within Boulder Basin
Indicate that the Influence of treated municipal arts' industrial
effluent flowing into Les Vegcs Bay is contributing high
levels of available nutrients at Las Vegas Wash Inlet to caus®
productivity to approximate those levels associated with
polluted waters.
Productivity levels at the Inlet to Las Vegas Bay
showed a rapid increase from July to September, attaining
levels associated with artificially eutrophlc lakes and a
rapjd decrease to mesotrophlc levels Into the winter ironths.
Unlike the outlying stations, tho photosynthetic depth curves
at Station 2, Las Vegas Wash Inlet, during the peak production
periods indicated maximum production occurring at the one
roeter depth of the euphotlc column. Inhibition of photo-
synthesis at the surface together with the shading effect by
US
the dense phytoplankton layer near the surface resulted In
greater than 70 to 80$ of total primary productivity occurring
near the surface within the euphotlc column.
The photosynthetlc variability with depth showed a more
gradual decline at outlying stations where the Influence of
nutrient enriched waters appeared negligible within the
euphotlc column. Peak production levels were noted at around
the 5 meter depth. No drastic shading effects by phytoplankton
were noted at the outlying stations.
The compensation depth below the trophogenlc zone, the
depth at which there remains one percent of the light Incident
at the water surface, ranged from 2 to 8 meters at Station 2
and from 4 to 15 meters at other stations. Greater !5ght
penetration correlated with periods of low production and the
presence of dense phytoplankton or turbidity layers resulted
In measurable decreases In light transmlttance with depth.
• Total alkalinity showed decreases In value when there
were corresponding Increases In primary productivity rates.
Under these conditions, pH values Increased.
Physico-chemical parameters which were measured at each
sampling station within the euphotlc column Indicate that the
waters of Boulder Basin, Lake Mead, are characterized by
high specific conductance of 950 to 110 ymho/cm and as high
as 2400 umho/cm at the bottom where the effluent stream enters
Las Vegas Bay. Alkalinity values ranged from 67 to 193 mg/l
and as high as 282 mg/l where the effluent stream crosses the
North Shore Road. Values for pH ranged from 7.2 to 8.4;
all anomalous values greater than 8.4 were checked by tltratlon
with phenolphthaleln Indicator, Dissolved oxygen levels were
usually greater than \00% saturation within the euphotlc zone
at all stations and all seasons. Oxygen depletion at
about 10 meters was noted In early June and resulted In a
negative heterograde oxygen curve. This depletion correlated
with the expected formation of a metal Imnetlc layer and an
associated coid water hypo limn I on below the trophogenlc zone.
Water surface temperatures ranged from a high 29.5°C In
mld-suf/w>9r to a low of |0.5°C In winter.
Phy top I ankton cell numbers at the surface were generally
low from March to early July. A bloom of Cyciotel !a sptK_
occurred at the Inner stations of Las Vegas Bay In mid and
late July end Into August. Anabaena spp. then succeeded as
the dominant phytoplankter at al l but the innermost station
In Las Vegas Bay. Dominant phytoplankters from mid-July Into
October were Cyclotella spp., Anabaona spp. , Carter I a spp . ,
Nav I cu la spg. and Ch 1 amydompnas spp. , whereas G I enod I n I urn spp.
was dominant during the spring when cell numbers were low.
Other genera of phytoplankton noted but In lower numbers were
CyiTibe 1 1 a , Epithemla, Gymnodlntum, Ceratlum, Oocystls, Synedra,
Sconedesmus , DInobrvon, Cosmarlym, Plnnularla and Phacotus.
I
Primary productivity levels from the surface waters of all
locations did not correlate well with surface cell numbers.
Numerical counts of zooplankters wore not Included In
this study. Some common zooplankters nqted however, were the
protozooan, Dlfflugla spp., and rotifers, Kerate11 a spp. and
Asplanchna spp.
Based on seasonal rates of primary productivity, the Inner
and middle portions of Las Vegas Bay exhibit artificially
eutrophlc or polluted conditions during peak production periods
from July through September and rapidly decrease to mesotrophic
levels in late fall and winter.
Stations located in the basin reflect naturally eutrophic
conditions during the peak growing period followed by a
decrease to oligotrophic levels In the winter months when
extinction of the metalImnetlc layer occurs.
vl
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INTRODUCTION
The use of radioactive carbon-14 as a means of measuring
the primary productivity of a body of water was first Intro-
duced by Steeman-NIelsen, a Danish scientist, In 1952. This
technique assesses the amount of Inorganic carbon being
converted into organic carbon by the photosynthetlc action
of natural phytopIankton populations. Since the Introduction
of this sensitive technique, many Investigators have utilized
this method to asses production In oceans as well as In lakes.
Notable studies In oceanic productivity have been done by
Doty (1961), Ryther (I956a, I956b), Ruther and Yentsch (1957),
Strickland (I960), Vollenwelder (1969) and Steeman-NIelsen
(I960b>. Detailed articles on primary productivity studies
In lakes have been published by Rodhe (1958), Saunders, Trama
and Bachman (1962), Schlndler and Holmgren (1971). Details
of methodology are discussed by Goldman (I96lb, 1965, 1968),
Goldman and Wetzel (1963) and Sorokln (1958, 1965).
The primary production In lakes Is Influenced by a number
of factors. These can be physical, chemical or biological.
Solar radiation (both Intensity and quality) and the effects
It produces Is the most Important physical factor Influencing
productivity. A rise In ambient air temperature with the
related Increase In the temperature of the water Is dependent
on the Intensity of sunlight. Wind action which creates
surface waves aids In mixing the waters of a lake. This
mixing makes nutrients available within the trophogenlc zone
during periods of rapid growth and associated nutrient
depletion. In lakes, the trophogenlc or euphotic zone Is often
comprised of layers of water having different characteristics
Including differences In temperature, turbidity, or In the
amount of dissolved solids and nutrients, as well as in
horizontally distributed communities of phytoplankton populations.
Water replenishment also affects production In a lake by the
amount of nutrients and dissolved solids present In new water
entering the basin.
The quality of Inflow largely determines the eutrophi-
catlon level of a lake. The Colorado River which provides
most of the inflow into Boulder Basin Is characterized as
hard water. Natural hard water contains higher concentrations
of dissolved minerals and inorganic carbon than waters
considered soft. This naturally available nutrient source In
water determines the level at which production w i l l be
maInta i ned.
Primary productivity within a body of water can be
greatly Influenced by artificial conditions; significant Is
the dumping of treated municipal and Industrial effluents Into
rivers and lakes. This practice leads to a reduction of water
quality which if severe enough, may be considered represen-
tative of polluted conditions. Pollution Influences the
growth of algae by providing excesses of organic nulrients.
It essentially overfertiIIzes the aquatic system. An excess
level of treated municipal sewage containing dissolved solids
and Industrial chemicals could also result In the death of
aquatic life.
This study was undertaken to determine the effect of the
inflowing Industrial and municipal effluent on waters of
Boulder Basin, Lake Mead. The rates of primary production
over a given period at Las Vegas Wash Inlet, where treated
effluent enters the Lake, was studied and compared with
stations located some distances away throughout the large
basin.
RELATED PRODUCTIVITY STUDIES
The production of organic matter In fresh and marine
waters until the last two decades has been confused with
measurements of standing crop (Thlenemann, 1931).
Most early studies on primary production were restricted
to Indirect estimations of production by measuring long
term changes of the standing crop or tha concentration of
Inorganic nutrients or dissolved gases (Saljo and Ichlmura,
1962). More recently Investigators have turned to direct
determination of photosynthetlc rates which are the bases
for production of organic matter. Before the advent of the
C method, most Investigators applied the light, and dark
bottle oxygen method for measuring primary production.
This method was employed by many researchers In aqustlc
ecology because of the relative ease with which It could be
used. In this method as In the ' C method, light and dark
bottles are lowered to specified depths and Incubated In-s^tu.
Samples are measured for dissolved oxyeen by the Wlnkler
lodometrlc titratlon technique. Many workers have achieved
accurecios In the range of 0.002 mg/liter (Steeman-NIolsen,
1963). Ryther (19?-£b)concludes that the technique Is even
wore sensitive, especially In eutrcphlc iekes.
In the dissolved oxygen (D.O.) method, the oxygen In
the sample before Incubation Is subtracted from the oxygen In
the sample following Incubation In light bottles. This value
Is regarded as net production. The difference In the dark,
bottle Is attributed to respiration by phytoplankters and Is
added to net production for an estimate of gross production.
The decrease from respiration Is also due to organic decay
abd bacterial growth. This could result In an overestImatIon
of gross production.
Ryther (I956a)and others, using the D.O. mothod have
found that the method has limited use In ollgotrophlc waters
because the Incubation period must be prolonged. The effects
of bacteria (Steeman-NIelsen, 1952), the decrease In photo-
synthetic activity (Ryther, I956b)and the probable exhaustion
of limited nutrients within the In-s Itu bottIes makes this
technique undesirable for bodies of water exhibiting ollgo-
trophlc conditions.
The Wlnkler method for determining dissolved oxygen has
soma errors Involved. Carpenter (1965) lists a number of
errors which might occur during analysis. Other errors may
occur during sampling or handling when slight aeration may
occur and markedly Influence the results (Steeman-NIelsen, 1963).
Another direct measurement of primary productivity Is
the pH method as described by Verduln (I960a, I960b, 1961).
In this method, primary production Is calculated on the basis
of pH change which Is caused In water by the uptake and release
of C02 through photosynthesis and respiration. Verduln In
his study of waters of Western Lake Erie, found a change of
O.I pH unit to correspond to approximately 12 ymol/l of CC»2
uptake or release. He estimated carbon uptake by reference
to a curve previously constructed from data on the same lake
waters showing the relationships of variations In pH and C02.
Other workers, Lyman (1961) and Beyers and Odum (1959)
have been critical of Verduln's procedures. The pH method
of estimating primary production (Verduln, I960a, I960b)
provides estimates only one-half as high as the '4C method but
may be twice as high as the usual oxygen light-dark bottle
method under certain circumstances. Verduin also observed
that the pH changes Inside the suspended bottles are only
about one-half of the pH changes In the surrounding waters.
In sea water, Verduln noted the C02 change to be only about
20/1 as sensitive as for lake water when using a Beckman type
pH meter. This suggests that the pH method may be limited to
fresh water where the buffering capacity Is low.
1 .
I The I4C technique of measuring primary productivity Is
a direct method of measuring photosynthetlc rate. It Is the
most sensitive technique currently available and Its application
since Its Introduction In 1952 (Steeman-Nlelsen) has stimulated
many studies on the relation between photosynthesis, light,
nutrition and pigment production. These studies add immeasurably
to our understanding of phytop Iankton ecology (Allen, 1961).
At this time, the '4C technique has almost completely
supplemented all other methods of measuring phytoplankton
photosynthesis because of its extreme sensitivity. The
technique can be applied to both fresh and sea water with
relative ease, it uses light and dark bottles which are
Incubated i n-sItu at pre-determined depths, usually corres-
ponding with percent light transmittance relative to light
Incident at the water surface (Doty, !96l)(Ryther and
Yentsch, i957).
In this technique, a pre-determined amount of radiocarbon
tracer Is introduced into a sample bottle which Is filled
with water whose productivity Is to be measured; the bottle
is lowered back to the depth from which the water was sampled
and incubated In-sItu for a period of time. The phytoplankton
T| responsible for photosynthetic assimilation are then filtered,
treated and the radioactivity contained within them is
determined.
As tn all biological techniques, there are a number of
methodological problems associated with the '4C technique.
The following discussion summarizes some of the apparent
problem ereas associated with the technique and reviews studies
done by others in resolving problems associated with sampling
procedures.
Phytoplankton populations usually occur In clumps and
patches both vertically and horizontally. Studies by BaJnbrldge
(J957) and Cassle (1958, 1959) Indicate that micro distributions
!'
V
as well as larger patches of phytoplankton occur even In
supposedly well mixed waters. This would Indicate potential
sources of error In estimating primary production of a body
of water by utilizing data from a small number of samples.
Everett {1972) presents data on primary productivity from 8
widely scattered stations In Lake Mead. Measurements were
made at 5 depths in the vertical profile at each station and
stations were visited approximately 5 times during the year.
While sampling limitations are always Imposed by equip-
ment, manpower and funds, It Is nevertheless Important to
attempt an evaluation of the variability Inherent In the
sampling scheme. The absence of such an attempt by Everett
(1972) placed his study as a preliminary helpful examination
of the problem of primary productivity In Lake Mead.
The radioactivity of the tracer to be added to the
Incubation bottle has been much discussed and agreement on
any one specific activity value has not bee achieved. Past
Investigators were limited to gas phase counting Instrumen-
tation which at best was approximately 15 to 26% efficient.
The efficiency being a ratio of the observed counts to that of
a source with known disintegrations. This level of sensiti-
vity in nuclear counting Instrumentation necessitated the
addition of enough radioactive tracer material so that the
activity of the assimilated material would result In statis-
tically valid sample counts with low associated counting errors.
Labelled '^ C Is usually added In the form of sodium carbonate
COj). It has been suggested thai the addition of this
* to a sample results In a fertilizing effect If the waters
to be sampled are ollgotrophlc. A study by Ryther (I956a)
suggests that 10 mlcrocurles (uCI) of '4C may be added to 250
ml III liters (ml) of water without Increasing the carbon
content by more than 0.003 mg/l. This value would be dependent
on the amount of carrier solution which Is added In the
preparation of the final stock solution.
With the Increased use of liquid scintillation counting
for determining production levels, It has become common
practice to reduce the activity of the '^ C tracer to compensate
for the great Increased sensitivity, as much as 9756 of the
counting Instrument.
In-sltu Incubation and the problems associated with the
proper light Intensity and quality have been studied by
Steeman-N I e I sen (1961). Ideally, the proper conditions for
Incubation of primary productivity samples would be to return
each light-dark bottle to the precise depth from which It
was sampled which would require some sort of anchored buoy.
Oceanic Investigators are at a disadvantage since they
are working In extremely deep water and cannot depend on
anchored buoys. They must therefore remain at a pre-selected
.location for the duration of the Incubation period. Use of
simulated I n-s I tu methods of Incubation on deck have been
experimented with by S teaman-Nielsen (1958). The Incubation
receives natural sunlight and a complex series of filters
are used to reduce the Intensity of light to deep water
samples to approximate light Intensity at the point of their
collection. Measurements of light Intensity have recently
been made with specialized photoelectric devices (Tyler, 1959).
The use of a photocell In measuring the spectral distri-
bution of light In an aqueous environment poses some problems.
It has been determined that the spectral composition of under-
water light changes because of absorption by water, by suspended
matter and by dissolved materials. Wavelengths between 400
and 700 millimicrons are necessary for activation of more
than one photosynthetlc pigment, a precondition to effective
photosynthesis (Allen, !960)(Haxo, 1961).
The number of samples required to give a reasonable
estimate of primary production within the euphotic column
has been studied by Doty (1961). Ryther and Yentsch (1957)
consider 5 samples within the euphotic column as adequate
but do not agree on the best pre-selected depths based on
percent light transmlttance with depth. It Is felt that
photosynthetlc curves with depth are best derived by experi-
mentation.
Studies by Doty and Ogurl (I95B), Shlmada (1958) and
Yentsch and Ryther (1957) found that the photosynthetlc rate
In the tropical Pacific Ocean showed a dally periodicity
with photosynthetlc rate maximum In the morning and depressed
*»l» =i>
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at sunset. Verduin (1957) and Ohio (1953) found similar
apparent phenomenon in fresh water lakes. An essential factor
then is the time of day when samples are incubated if a
comparative study of photosynthetic rate is to be undertaken.
The filtration of samples after Incubation has resulted
In some noteworthy experiments. A two-fold problem, one of
pore size of filters and another of vacuum filtration has been
studied. Holmes (1961) found an increase In assimilation
rates with a decrease in pore size of filters down to 0.3
microns (y). Steeman-Nlelsen (1952) employs a 0.5 y m i l 1 1 pore
filter which Goldman (196 Ib) showed to ba the most widely
employed pore size. Lasker and Holmes (1957) advise use of a
ml IHpore filter which has a pore size no larger than 0.45 y.
The effect of rapid filtration on phytoplankters, especially
fragile dlnoflagellates, and other fragile algal cells is
that they tend to rupture and pass through the filter
(Gull lard and Wangersky, 1958), This would result In an
underestimation of productivity values. Goldman (I960)
filtered at 15 to 20 Inches of mercury and preferred dropping
down to 15 Inches of Hg. The volume of the water sample
together with the phytoplankton load greatly Influences choice
of vacuum pressure used In filtration. It Is felt that the
lowest practical filtration vacuum w i l l greatly reduce the
problem of cell fragmentation. Evidence Is also available
12
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that damage Is caused to delicate phytoplankters If passage
of air occurs through the mllllpore filters.
Another problem In the C method Is the removal of
possible adsorbed or precipitated Inorganic carbon from the
filter and filtered phytoplankters without leaching out the
soluble organic photosynthesI zed products. Doty (1956),
Jl.tts (1957), Doty and Ogurl (1958), Strickland (I960) and
Sorokin (I960) used a dilute wash of hydrochloric acid to
remove the precipitated and adsorbed carbon. Rodhe, et al.
(1958) observed that an acid treatment In fresh water samples
made no difference and felt that this rinsing process could
be omitted.
Steeman-Nielsen (1952) In working with high pH waters
felt that the use of fuming hydrochloric acid was essential
In removing adsorbed carbonate where there was an Indication
of precipitation. Goldman and Mason (1962) feel that under
certain circumstances, as In their Lake Tahoe study, the '*C
may be too tightly bound within Inorganic complexes to be
removed even with a fairly strong acid rinse. A weak formalin
rinse made up with filtered lake water w i l l arrest biological
activity If It is used on the filters Just prior to filtering
to dryness. Fogg (1952), In his work with blue-green algae,
found that not all of the converted carbon of photosynthesis
was retained by the cell. Since the error estimate Is
13
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difficult to determine experimentally, one must assume that
all of the carbon which Is converted Is retained by the cell.
The determination of I4C activity In filtered phytopIankton
has been accomplished largely by gas phase counting by most
researchers4 The advent of the more sensitive and efficient
method of utilizing liquid scintillation counting has come
Into Increasing use since publication of a paper by Wolfe and
Schelske (1967). Lind and Campbell (1969) have provided
further discussion on the use of this recent technique.
Liquid scintillation counting, in addition to having high
counting efficiencies, does not have the Inherent back scatter,
geometry, and self-absorption problems that greatly limit the
Gelger-Muller or gas phase counting technique of earlier
studies. The high cost of acquiring as well as maintaining
a liquid scintillation counting system by most Institutions
has resulted In most studies on primary production being
accomplished with the less efficient but often adequate
Gelger-Muller counting system. Goldman (I960) converts his
samples to gaseous carbon dioxide and counts In the gaseous
phase to circumvent the problem of self-absorption by infinite
thicknesses of filtered phytopIankton.
A correction f<or the effects of the differences In atomic
weight of stable carbon-12 and radioactive carbon-14 assimilation
Is applied by some researchers and Ignored by others. This
error like that of total retention of all photosynthetlcal ly
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assimilated carbon dioxide Is extremely small compared to
other sources of error. Arthur and Rlgler (1967), In correcting
for this Isotope effect, use a value of 6%. This Is high com-
pared to Saunders, et al. (1962) who used a factor of 1.06
for the Isotope effect. Steeman-Nlelsen (1958) uses a factor
of 5% whereas Sorokln (1959) suggests a value of 6.79$.
Non-photosynthetlc uptake of ' C during Incubation has
been studied by many workers. Steeman-Nlelsen (1952) In his
original work noted this non-photosynthetlc assimilation
and used a \% correction value. According to Brown, et al.
(1949), fixation of I4C In the dark Is similar to the value
derived by Steeman-Nlelsen. Steeman-Nlelsen and Kholy (1956)
found that under conditions of extreme nitrogen deficiency,
the dark assimilation rate reached as high as 37/E. Similar
high values were not found for phosphate deficient cultures.
In studies by Doty (1958) and Holmes (1958), It was
possible for dark fixation to exceed the value for photo-
synthetic fixation in natural populations. Detailed measure-
wants by Steewan-Nlelsen U960a) of dark bottle assimilation
Showed that It could be as high as 9% for surface samples
and up to 30£ for samples from deeper water. Average values
for most dark assimilation bottles were from I to 3Jt. Thomas
(1962) concludes that an application of a standard correction
for dark uptake Is unwise because of the variation Inherent
\4**-
In dark uptake with depth. Also the effects of Intracellular
nutritional status Is noted. He concluded that whenever
possible, dark bottles should be simultaneously Incubated
with light bottles to establish empirical corrections.
IS "I
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DESCRIPTION OF THE STUDY AREA
Lake Mead, one of the largest man-made reservoirs In
the world, was formed when construction of Hoover (Boulder)
Dam was completed In 1936. The dam Is located In Black Canyon
of the Colorado River and Is located approximately 30 miles
east of the city of Las Vegas, Nevada. Hoover Dam, a concrete
arch gravity structure, has a maximum height of 726.4 feet.
The present lake capacity Is 29,755,000 acre feet and the
reservoir surface area Is 162,700 acres at an elevation of
1229 feet (Lara and Sanders, 1970). Lake Mead at high water
level extends a distance of 115 miles upstream and has a
total shoreline (perimeter) of approximately 550 miles with
a maximum depth of 589 feet. The shape of the lake Is extremely
Irregular (Figure 1).
The study area (Figure 2) was confined to the Boulder
Basin of Lake Mead. Boulder Sasin has a surface area of
25,000 acres or approximately 39 square miles. This encom-
passes only 15* of the total surface of the whole lake.
However, Boulder and Virgin Basins (Figure I) contain roughly
60% of the total storage capacity of the Lake (Everett,
1972). Both the Boulder and Virgin Basins are canyon-type
reservoirs with steep shorelines and very deep water.
MARINA
HEMENWJftY HARBO *KINGMAN WASH
i
HOOVER DAM
Figure |. Lake Mead showing relation of City of Las Vegas to Boulder Basin, Virgin Basin & Overton Arm.
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The climate of the general area Is characterized as dry
with low humidity, high evaporation, abundant sunshine, m i l d
winters, hot arid summers and a wide range of temperatures.
The four seasons are well defined with winters being mild.
Freezing weather occurs rather frequently, but extreme cold
Is rare since winter minimum temperatures average I.7°C
(Necon, 1974). Ambient temperature and precipitation records
for the 20-year period, 1951 through 1970, Indicate the mean
annual temperature Is I8.7°C with a minimum of -I3.3°C and
a maximum of 47.2°C. The average annual precipitation
for this same 20-year period was 3.90 inches (Necon, 1974).
The geography of the valley Is such that mountain ranges
bound the city on all sides. On the west are the Spring
Mountains with Mount Charleston as Its highest peak at 11,918
feet; the Plntwater, Desert, Sheep and Las Vegas Ranges are
on the northeast; Frenchman and Sunrise on the east and the
McCullough Range on the south.
Summer and early fall thunderstorms and localized cloud-
bursts cause rapid runoff and eventual drainage into the
natural wash (Las Vegas Wash) which leads into Las Vegas Bay.
Las Vegas Wash draining into the Colorado River at the western
extremity of Las Vegas Bay Is the only natural drain for the
Las Vegas Valley. Surface winds on the lake are usually out
of the southwest In the summer and from the northwest In winter.
A detailed study on the terrestrial and aquatic ecology
of Las Vegas Wash Is reported by Bradley and Nlles (1973).
Sample locations were selected In Boulder Basin and were
marked by permanent anchored buoys to facilitate return to the
same sampling location throughout the season (Figure 2).
Station I, located at the bridge where Las Vegas Wash
crosses the North Shore Road, was established to sample the
perennial effluent streamflow leading into Las Vegas Bay.
The city of Las Vegas pours about 21 m i l l i o n gallons per
day of treated municipal sewage Into Las Vegas Wash. This
accounts for about one-naif of the total flow discharged by
Las Vegas Wash Into Lake Mead (EPA, 1971).
Station 2, Las Vegas Wash Inlet, Is located at approximately
1.5 kilometers from the western extremity of Las Vegas Bay
where the Wash enters Lake Mead. The station Is located In
mid-channel where the depth was about 8.5 meters to mid-summer
and about 10 meters during the 1974 peak winter storage period.
Permanent buoys, many of which were purchased or on loan
from the National Park Service, were anchored to the bottom
at this and six other stations within Boulder Basin. Most of
the buoys are equipped with flashing amber lights where their
location might create a navigational hazard to boaters. A l l
buoys were of a high visibility white color with a painted
circular red stripe at the apex (Figure 3).
Station 3 Is located In the main channel of Las Vegas
Bay. It Is approximately 1.5 kilometers from the Las Vegas
B O U L D E R
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2 Las Vegas Wash Inlet
3 Sand Island
4 Las Vegas Bay Mouth
5 (ntake Tower
6 Sentinel Island
7 Black Canyon
8 Beacon Island
Figure 2. Sampling Station Locations at Boulder Basin, Lake Mead
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Figure 3. Permanent Sampling Station Buoy With Blinking
Amber Light Showing Suspended In-SItu Samples.
small boat harbor located near the mouth of Las Vegas Wash.
The permanent buoy which marks this station Is anchored In
43 meters of water.
Station 4 at the mouth of Las Vegas Bay leading Into
Boulder Basin Is located In mid-channel between Black and
Saddle Islands and Is anchored In 90 meters of water. It Is
It kilometers from the Las Vegas Wash Inlet Into Boulder
Basin, I.I kilometers from south-southwest of Black Island
and 1.6 kilometers north-northeast from the northern tip of
Saddle Island. This station was located to monitor any
effluent Inflow Into the Basin proper as well as towards
Station 5 at the Water Intake Tower.
Station 5 at the Southern Nevada Water System (SNWS)
Intake Is located north of the Henderson waterptpe Intake,
the only massive steel structure which extends out from
Saddle Island. Station 5 Is located just offshore from where
SNWS draws their water from a pipe which extends from their
treatment plant on the west side of Saddle Island down through
solid rock and emerges out on the east side of Saddle Island
at a depth of roughly 100 feet below the water level. This
station was primarily established to monitor water quality
before It was pumped Into the SNWS Treatment Plant as well as
to determine the effects of any contributory effluent derived
from Las Vegas Wash.
Station 7 Is located at the mouth of Black Canyon leading
up to Hoover Dzm. It Is located In mid-channel off of
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Promontory Point. The buoy at this station Is anchored In
122 meters of water. This station Is characterized by steep
rock walls on both north and south sides, creating early
morning and late afternoon shade conditions. Winter diurnal
periods are drastically reduced at this station due to the
position of the sun at this time of year. Productivity
studies were performed at this location whenever suitable
sunlight periods were encountered, usually at mid-day.
Station 8, north of Beacon Island, was established to
monitor water quality entering Boulder Basin. The buoy
marking this location Is in the original river channel In
105 meters of water.
Stations 6 and 8 are located above Las Vegas Bay and
are not Influenced by enriched water moving Into the Basin
from Las Vegas Bay.
Studies have shown that Lake Mead downstream from Las
Vegas Bay and the Colorado River below Hoover Dam have a
higher algal growth potential (AGP) than Lake Mead upstream
from Las Vegas Bay (EPA, 1971). This study would indicate
then that Stations 2, 3, 4, 5 and 7 are being affected by
the Inflow of enriched effluent waters from Las Vegas Wash.
MATERIALS AND METHODS
Water and Phytoplankton Sampling
The collection of water and phytoplankton samples from
pre-selected vertical depths of surface, I, 3, 5, 10 and 20
meters was accomplished by a 3-liter Van Dorn sampler
(Figure 4) lowered to the selected depth. The water collected
was used for primary productivity determinations as well as
determination of total alkalinity, turbidity and chlorophyll-a.
In-SItu Incubation
Two glass stoppered 125-ml pyrex biological oxygen demand
(BOO) bottles, one dark and one light, were Incubated at each
pre-selectad depth. Opaque (dark) bottles were prepared by
first spray painting the outside with a flat black finish
and then covering them with black plastic tape to provide a
llghtproof seal. A l l boltles were fitted with a metal loop
for attachment to the In-situ^ suspension system. The suspen-
sion system for holding light and dark bottles (Figure 3)
Is a specially designed buoy arm which slips onto the permanent
buoys at each sampling station.
A dark box (Figure 5) for storing primary productivity
(PPR) BOD bottles was constructed with an Inner lining of
styrofoam to Insulate against both ambient heat and cold.
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Figure 4. Van Dorn Sampler and Electrically Powered
Winch for Collecting Vertical Depth Water
Sample's.
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Figure 5. Specially Designed Dark Insulated Box for
Storing and Transporting In-SItu '4C Sample
Bottles.
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The outside of the box was painted white and most of the
interior was painted black. A sliding wood panel kept light
exposure of the sample bottles to a minimum during handling.
A l l BOO bottles were filled In the shade to minimize damage
to dark adapted algae.
Transfer of water from the Van Dorn sampler to the BOD
bottle Involved first rinsing the BOD bottle with part of the
lake water sample. This resulted In equilibrating the BOD
bottle. Each bottle was fille d to overflowing, stoppered
and placed into the dark box. After all the samples from
each pre-selected depth were collected, they were prepared
14for Inoculating with C.
The use of commercially prepared ampuoules of radio-
active tracer for production studies has been widely adopted
by many Investigators. The disadvantage of commercially
prepared empuoules Include the inherent errors Involved when
transferring the radioactive tracer. Errors can occur due
to slight spillage when breaking the glass tip. Incomplete
transfer of all the radioactive tracer from vial to sample
bottle is also a potential problem. Some Investigators (Bacon,
1973) prefer to drop the opened ampuoule Into the In-situ
bottle, agitating gently, then stoppering for incubation.
Early attempts at using ampuoules resulted In excess spillage
end overflow from sample bottles, resulting In loss of
critical volumes of radlotracer. This spillage and the
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resultant uncertainty associated with the ratio of sample
to radlotracer loss justified the decision to abandon the
use of ampuoules. Breaking open ampuoules is a time consuming
process and Is a disadvantage when rapid spiking of samples
Is a necessity after all sample bottles are f i l l e d and ready
for In-sItu Incubation.
Goldman (19615') uses an automatically refilling injection
syringe which Is connected to a 100 ml syringe acting as a
reservoir for sterile ' C. Addition of the spike solution
to the sample bottle results In an equal loss of volume when
the glass stopper is replaced and the bottle readied for
Incubation. Few Investigators make reference to this loss
since the volume Is Insignificant. However, as discussed
above, the uncertainty associated with the ratio of radlotracer
to sample volume loss Is not known and could be significant.
In studies where the radlotracer Is poured Into the sample
bottle, the loss associated with stoppering could Involve
a major volume of the added tracer. The use of a mlcropipetter
during this study greatly facilitated transfer of '^ C radio-
tracer and significantly reduced the contamination of
accessory equipment. The technique of pipetting off an
equivalent volume of sample before spiking, resulted In no
spillage during stoppering and no air bubble was trapped in
the bottle as previously experienced with earlier methods.
29
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The '*C solution used for this study was a radioactive
carbonate solution (Na2 CO-j) having an activity of 0.5 yCl/ml.
Its preparation was from an original one m l l l l c u r l e (1000 uCI)
In 0.5 ml of stock solution which was received from the
Amersham-Searle Corporation. The amount of radioactive
solution to be used In our study was determined by the
available nuclear counting Instruments at our disposal.
Since both gas-phase counting as well as the more sophisti-
cated liquid scintillation system were available. It was
decided to use as small an activity level as possible, while
I
providing radioactivity levels sufficient to give significant \i
uptake results. Literature reviews of past primary productivity if]
.•:'i
studies indicated that I to 3 yCl of activity per BOD bottle
was sufficient for appreciable uptake. Prior studies indl-
i
catad a short counting period was desirable. Our initial 1
IB
Incubation with 0.5 uCl/ml in a BOD bottle resulted In *
adequate recovery levels. Additionally, a longer counting
time greatly improved counting statistics.
A concentration of 0.5 yd/ml of ' C was Inoculated into
each BOD bottle after one mi III liter of sample was pipetted
off. An Eppendorf vV micro liter pipetter was used to pipette
off as well as Inoculate each sample (Figure 6). Previous
experience with the pipetter Indicated that no mixing of the
bottle was necessary to thoroughly disperse the '^ C solution j
within the sample. Inoculated bottles were carefully stoppered I
. i
to avoid any spills in the insulated dark box. :
—
 
O
+-
 
ro
ro
 
t-
^
 
O
o
 
—
O
 
T3
C
 
<O
—
 
o
:
C
O
•
o <D
 
.
C
W
 
-
»
-
Is - o 0- CO <0 O
)
u
 
u
—
 
ID
s:
 
o
VO O
) zz
'
31
When all bottles were ready for Incubation, the BOO
bottles were lowered as quickly as possible to the appropriate
depth on a single line. When a l l bottles were in position,
they were attached to the buoy arm and the time was recorded.
The Incubation period for BOD bottles was between 4 and 6
hours (Goldman, 1963). At the end of the incubation period,
the BOD bottles were raised rapidly and placed in the dark
box.
Whenever possible, BOD samples were filtered on deck
In the shade. The entire contents of each BOD bottle were
filtered through a Mlllipore^ membrane filter having an
effective pore size of 0.45 microns.
Filtration under a vacuum of 19 cm of Mercury or 0.5
atmospheres was adequate In filtering the 125 ml volume of
In-sltu Incubated samples without taking an appreciably
long time. Other Investigators, Goldman (I96lb) and Wallen
and Geen (1968), use 38 cm of Mercury. The extremely fragile
phytoplankters, especially dlnofIsgellates, can be ruptured
by so much as a tap on a coverglass (Deacon and Tew, 1973),
so reduced vacuum during filtration Is recommended to assure
minimal loss from rupturing.
Each sample was shaken gently and poured slowly Into
the filtering apparatus (Figure 7). A 10 to 15 ml solution
of 0.005 N HCI in tap water and \0% formalin solution was
used to rinse out the sample bottle. This was then poured
32
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Figure 7. Compact Filtration Apparatus Designed for
Rapid FlIterlng of In-SItu Water Samples
From Six Vertical Depths Within a Water
Co Iumn.
1
33
Into the filtering apparatus when the sample was nearly
filtered. Samples were never allowed to go dry with excess
filtration. This type of desiccation tends to rupture
phytoplankters, giving erroneous or lowered productivity
values.
Filters were removed with forceps and placed with the
algae coated side facing Inwards Into a pre-labelled poly-
ethylene liquid scintillation vial. A l l prepared samples
were then placed into a desiccator containing a small amount
of NaOH solution for further adsorption of extraneous '^ C.
The filters were stored In the desiccator for 24 hours and
kept In the dark.
Phy si co-Chemical Parameters
Water samples for chemical analyses were collected
concurrently with PPR samples. Five hundred ml I I I liters
of lake water were collected from each sampling depth
utilizing the Van Dorn sampler for total alkalinity measure-
ments. Dissolved oxygon, temperature, specific conductance
and hydrogen Ion concentrations (pH) were measured with a
water quality analyzer Manufactured by Hydro lab Corporation.
A l l readings were taken In-sltu by lowering a complement of
probes (Figure 8) to each pre-selected depth and reading the
values from a surface unit.
Light penetration down to the compensation depth was
measured by a model 268WA3IO submarine photometer manufactured
by Kahl Scientific Instrument Corporation (Figure 9).
~
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Figure 8. In-SItu Water Quality Analyzer Showing Sonde
Unit With Complement of Probes and Surface
Unit for Direct Readout of Chemical and
Physical Parameters.
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Figure 9. Submarine Photometer Unit Showing Sea Cell,
Glmballed Deck Cell and the Deck Control
Unit Which Reads Out Intensity of Collected
Light Proportional to the Cosine of the Angle
of Incidence.
1
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A 20 cm Seech I disk was used during the early phases
ot this study to estimate the compensation depth. This was
done by multiplying the value for the limit of vis i b i l i t y
by 5 to obtain an estimate of the compensation depth. Later
comparative studies with the submarine photometer Indicated
that this procedure often over-estimated the compensation
depth by roughly 2 to 3 meters.
Whenever possible, weather conditions. Including
sunlight, cloud cover, wind speed, direction and other
physical data wero recorded at about the sanve time each
samp I Ing day.
Data for soler radiation In Lang leys per day were
obtained from the Physics Department at the University of
Nevada, Las Vegas, which Is located about 50 km northwest
of the Lake.
Liquid Scintillation Counting
A large number of laboratory studies Involving the '^ C
method of estimating primary production by Gelger Muller
counting (GMJ and the liquid scintillation technique Indicate
the superiority of the latter technique. The sophistication
of nuclear counting Instrumentation In recent years has
greatly Improved sensitivity and efficiency levels. Low
level activities are now routinely measured by very sensitive
nuclear Instruments capable of detecting below worldwide
•s...
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levels. Two of the disadvantages associated with GM counters
are their rather low efficiencies, the ratio of observed
counts to known disintegrations (15 to 26$), and the corrections
to zero thickness associated with membrane-f11tered-aIgae
while counting on planchets. Goldman (I96lb) has successfully
dealt with both problems by oxidizing a l l samples from
carbon to carbon dioxide and measuring '*C In the gas phase.
This method Is tedious and time consuming so a large number
of samples cannot be handled efficiently. Corrections for
zero thickness by GM counting are usually accomplished by
counting known activities on varying thicknesses. All
photosynthetlc determinations are then corrected individually
for self-absorption and efficiency.
In liquid scintillation counting, filtered samples are
placed In sclntUlator vials with known amounts of scintillation
solution and are directly counted. The high efficiency of
liquid scintillation counting makes more rapid and accurate
counts possible. The method Is adaptable to field preparation
of samples, saving considerable time In handling of filters.
An obvious advantage to liquid scintillation counting
over GM counting Is the high efficiencies encountered. The
range of efficiencies normally acceptable for this technique
are between 68 and 96%. A problem associated with liquid
scintillation counting Is that of quenching or loss of
flourescent energy. Quenching is any process which reduces
nil
the photon output and thus reduces the counting rate for the
\. The presence of any extraneous material results
In loss of fluorescent energy. Quenching can be chemical,
color, dilution or beta absorption which Is not truly
quenching but results In reduced counting rates (Newman, 1970).
Wolfe and Schelske (1967) utilized Internal standardi-
zation where known amounts of '^ C activities were added to
already counted samples to correct for this problem. The
Increase In count rate was determined and the ratio of the
count rate Increase to the decay rate of the volume of Isotope
added was the counting efficiency of the sample. Though this
technique Is accurate. It has several disadvantages. Pipetting
of the added Isotope must be very accurate and the volume of
the added Isotope must be kept to a minimum so dilution of
sample scintillation solutes and solvents do not occur.
Additional handling and manipulation increases the chances
of loss by spillage of critical sample volumes and recounting
further delays calculation of productivity results.
Another quench correcting technique Is referred to as the
channels ratio method. This method utilizes the shifts In
energy of pulse height distributions. The pulse height Is
divided into two channels and the count rate is measured In
each channel. A count ratio Is then calculated. The drawback
to the channels ratio method for quench calibration Is that
high quench, low activity samples cannot be accurately corrected
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because one channel Is narrow and observes only a portion of
the total count rate. This Is compensated for by a long
counting period In order to obtain valid statistical counts.
When large numbers of samples are Involved, long counts are
Impractical.
Newer liquid scintillation counting Instruments have
Incorporated within their system a technique for quench
correction called automatic external standardization (AES).
With this system, quench correction, If necessary, Is auto-
matically accomplished. It provides scintillation from a gamma
source and the scintillation Is quenched Identically as that
derived from a beta particle. Instrumentation of this
sophistication Is not readily available because of Initial
cost and even higher cost of maintenance. This type of
Instrumentation was used In this study.
The sclntlIlatlon solution used during this study was
_ .., ..-, prepared by
Nuclear-Chicago, Inc. Its obvious advantage Is the capacity
to accept larger volumes of sample without suffering dilution
quenching. Also, It Is not nearly as flammable as a toluene
or dloxane based solution. Schindler (1966) uses a dioxane
based scintillation solution and claims good counting efficien-
cies are obtained even when the sample contains 30? water.
The addition of a thlxotroplc gel to the scintillation solution
prevents settling of algae or remnants of the partially
dissolved filter. Vigorous mechanIcal shaking of vials
disperses and suspends the sample for counting. A study by
Wang and Jones (1959) Involved the rigid Insertion of paper
strips I'n standard scintillation counting vials. A fol lowup
study by Gelger and Wright (I960) stated that the rotation
of vials within the counting Instrument was random, hence
the counting position was uncontrollable. The study confirmed
that equally good results were obtainable without the need
for rigid suspension of paper sections.
The use of polyethylene counting vials as compared to
glass vials was Investigated early In this study. Data from
Identically spiked samples in polyethylene and glass vials
showed that the counting efficiency for polyethylene was
significantly higher than glass. The medium density vials
used for this study were 30 ml polyethylene. The efficiency
of polyethylene over glass has been noted by others (Rapkln
and Packard, I960) and It can be surmised that polyethylene
Is more transparent than glass or else It disperses light
more uniformly.
Filters were removed from the desiccator after 24 hours
of storage In the dark. The addition of 20 ml of AquasolvV,
a scintillation solution manufactured by New England Nuclear
Corporation was followed by an alcohol wipe of the exterior
of each polyethylene scintillation vial to remove dust and
grime which would otherwise cause errors In counting. Samples
lit
were then stored In the dark for 24 hours so that no flourescence
or chemolumnlscence would contribute to spurious counts.
Samples were placed In the liquid scintillation counter and
allowed to chill down to 5°C, the temperature within the
counting chamber.
The counting system was a model 3375 liquid scintillation
spectrometer manufactured by the Packard Instrument Company,
Inc. This liquid scintillation spectrometer Is coupled to
a model 545 teletype vv typewriter tape perforator and tape
reader. The instrument is capable of automatically processing
200 single-labeled, double-labeled or intermixed, i.e., '*'C,
H^, -*2p samples In a single counting run with a visual display
of digital data at all times. Completed counts on a l l samples
are available on printout. Samples having varying levels of
quenching, chemical, color or beta absorption, were corrected
by the volume Independent automatic external standardization
(AES) feature or by the channels ratio method. A compound source
using both radIum-226 and Arrariclum-241 was used for the
gamme energies needed to measure any sample quenching. This
unit has a counting efficiency, the ratio of observed counts
to known disintegrations, of 89.98$ for I4C. Counting
efficiencies and quench curves were determined according to
the methods described by Newman (1970).
Each sample was counted twice for 10 minutes with counting
rates being averaged for each sample. For each series of
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samples which numbered about 24 from 2 sampling stations,
there were 3 background samples counted before the series.
This was followed by 2 additional background samples at the
end of the series. A l l 5 background value's were averaged
and the derived value was used to automatically subtract
the background contribution to all sample counts. This
subtraction can be done automatically by setting a pre-
determined background count rate Into the computer. The
reported values were expressed as net count rate with Its
associated percent standard deviation.
The radioactivity of a sample 21 expressed as net counts
per minute per ml I I I liter (net cpm/ml) was computed as follows:
x , "* - Rb
ABCD
Where Rs * gross count rate of sample, cpm
% « background count rate, cpm
A » efficiency, c/d, decimal. The ratio
of observed counts to known disintegrations of
a standard '^ C source from the National Bureau of
Standards.
B « Sample volume, 125 ml
C « 2.22xl06 dpm yCl
D « 0.5 yCI, amount of added I4C activity
The percent counting error at the 2-slgma confidence level
) for each value of >c was calculated by:
*E2o
lOOz
- R ts fb
1/2
Where e « 2, the number of standard deviations for
the confidence Interval (95.4$)
ts « sample count Interval, minutes
tfc = background count Interval, minutes
The value of *. was arbitrarily considered statistically
significant, greater than background, If the net count rate
of the sample was greater than 2 times the net count rate for
which the 2-slgma error was 100?.
Non-slgnlfleant sample values, less than or equal to
this "detection limit" were recorded as zeros.
The detection limit (D.L.) was computed as follows:
2z
D.L. = —
AB
Rb 1/2
Where d = net count rate for which the 2-slgma
error Is I005E = E2o, cpm
The radioactive working solutions which were diluted to
0.5 yCl/ml were constantly checked before being taken out
a
V
$
Into the field. Experimental counts were made of known amounts
of '^ C solutions as a thlxotroplc gel In scintillation
solutions.
Calculations
The radiocarbon activities are expressed Initially as
counts per minute per 125 ml of sample. All dark bottle
values are subtracted from light bottle values before the
rate of assimilation Is calculated. The '^ C method of
measuring primary productivity Is expressed as the quantity
of carbon assimilated per unit of time. The calculation for
net photosynthetlc rate has been modeled after Saunders (1962)
and slightly modified for the Lake Mead study. The basic
formula Is:
x C x f
Where P « photosynthesis (net) In milligrams
carbon per cubic meter per day
r * uptake of radioactive carbon In counts
per minute (cpm) per 125 ml sample
R « total available '^ C In disintegrations
per minute (dpm)
C » total available stable Inorganic carbon
In milligrams per cubic meter
f * Isotope correction factor
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Some additional explanation for each parameter In the
equation seems appropriate. The uptake of '*C could be
expressed either as cpm/ml or cpm/sample. I have chosen
to express it as cpm/sample. Sample sl/e was constant at
125 ml, the size of the pyrex BOD bottles used for In-sltu
Incubation.
Total available '4C in dpm was calculated as follows:
radioactivity of spike solution (usually 0.465 yd/ml) x
efficiency of the liquid scintillation counter x disinte-
grations per minute per mlcrocurle. Variation in Isotope
dilutions is as high as 50% in commercially prepared ampuoules.
Dilutions of a milllcurie of I4C has been accomplished
locally with sub-aliquot results having less than 5% variation
In activity.
The efficiency of the liquid sclntlIlatlon counter,
Packard Tri-Carb® is in the region of 89 to 92$ using a
calibrated National Bureau of Standards sealed source. The
efficiency Is the ratio of known counts to the observed
disintegrations. There are 2.22x10" dpm In one uCI.
The total available inorganic carbon present as dissolved
C02, carbonic acid, bicarbonate Ions, and carbonate Ions was
determined by tltratlon of a sample collected at the site of
In-sltu incubation. Methods of determination follow standard
methods (American Public Health Association, 1971) and results
are expressed as mgC/m'. The formula used In this calculation
was as follows:
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C » Total alkalinity (ppm) x correction factor (Table I) x 120
An Isotope correction factor (1.064) Is calculated Into
the formula as a means of correcting for the differences In
uptake between stable I2C and radioactive I4C (Saunders, 1962)
(American Public Health Association, 1971).
Table I Is a list of factors for the conversion of total
alkalinity measurements to mgC/l, taken from Saunders (1962).
Following Is an example of the use of the above formulae
In calculation of primary productivity expressed as
Data used are those recorded for the surface sample at
Station 2 on April 4, 1974.
pH * 8.4
T (°C) « 15.2
Total Alkalinity » 135 ppm
Light Bottle Uptake » 77.294 dpm/ml
Dark Bottle Uptake * 8.441 dpm/ml
Total Available I4C » 0.500 yCl
(68.86MI25 ml)
(0.500 yd HO.8998M2.22x10°) x (I35)(.24)(I20) x 1.064
* (0.008)(4,309.2) * 34.47 mgC/m3
To calculate milligrams carbon per cubic meter per day,
take the reciprocal of the hours In-sltu Incubation time and
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Table I. Factors for the Conversion of Total Alkalinity
to Milligrams of Carbon per Liter (From Saunders, 1962)
PH
5.0
5.1
5.2
5.3
5.4
5.5
5.6
5.7
5.8
5.9
6.0
6.1
6.2
6.3
6.4
6.5
6.6
6,7
6.8
6.9
7.0
7.1
7.2
7.3
7.4
7.5
7.6
7.7
7.8
7,9
8.0
8.1
8.2
8.3
8.4
0
9.36
7.49
6.00
4.78
3.87
3.12
2.53
2.06
1.69
1.39
1.15
0.96
0.82
0.69
0.60
0.53
0.47
0.42
0.38
0.35
0.33
0.31
0.30
0.29
0.28
0.27
0.27
0.26
0.25
0.25
0.25
0.25
0.24
0.24
0.24
5
8.19
6.55
5.25
4.22
3.40
2.75
2.24
1.83
1.50
1.24
1.03
0.87
0.74
0.64
0.56
0,49
0.44
0.40
0.37
0.34
0.32
0.30
0.29
0.28
0,27
0.26
0.26
0.26
0.25
0.25
0.25
0.25
0.24
0.24
0.24
Temperature
10
7.16
5.74
4.61
3.71
3.00
2.43
1.98
1.62
1.34
1 . 1 1
0.93
0.77
0.68
0.59
0.52
0.46
0.41
0.38
0.35
0.33
0.31
0.29
0.2S
0.27
0.27
0.26
0.26
0.25
0.25
0.25
0.25
0.24
0.24
0.24
0.24
15
6.55
5.25
4.22
3.40
2.75
2.24
1.83
1.50
1.24
1.03
0.87
0.73
0.64
0.56
0.49
0.44
0.40
0.37
0.34
0.32
0.30
0.29
0.28
0.27
0.26
0.26
0.25
0.25
0.25
0.25
0.25
0.24
0.24
0.24
0.24
20
6.00
4.81
3.87
3.12
2.53
2.06
1.69
1.39
1.15
0.96
0.82
0.70
0.60
0.53
0.47
0.42
0.38
0.35
0.33
0.31
0.30
0.29
0.28
0.27
0.26
0.26
0.25
0.25
0.25
0.25
0.24
0.24
0.24
0.24
0.24
25
5.61
4.51
3.63
2.93
2.38
1.94
1.59
1.31
1.09
0.92
0.78
0.67
0.58
0.51
0.45
0.41
0.37
0.35
0,32
0.31
0.29
0.28
0.27
0.27
0.26
0.26
0.25
0.25
0.25
0.25
0.24
0.24
0.24
0.24
0.24
Table I (Continued)
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Temperature (°C)
10 15 20 25
8.5
8.6
• 8.7
8.8
8.9
0.24
0.24
0.24
0.24
0.24
0.24
' 0.24
0.24
0.24
0.24
0.24
0.24
0.24
0.24
0.23
0.24
0.24
0.24
0.24
0.23
0.24
0.24
0.24
0.23
0.23
0.24
0.24
0.24
0.23
0.23
9.0
9.1
9.2
9.3
9.4
0.24
0.23
0.23
0.23
0.23
0.23
0.23
0.23
0.23
0.23
0.23
0.23
0.23
0.23
0.22
0.23
0.23
0.23
0.22
0.22
0.23
0.23
0.23
0.22
0.22
0.23
0.23
0.23
0.22
0.22
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multiply this value by the hours In the diurnal period. Then
multiply this value by the value for mgC/m^.
Ijh 13.5 hours Is diurnal period
And; 3.7 hours Is hi-sltu Incubation time
Then; 0.27 x 13.5 « 3.64
3.64 x 34.47 mgC/m3 - 125.47 mgC/m3/day
The calculated value of mgC/m-Yday for each p re-selected
depth was plotted on a graph of depth versus productivity.
The experimentally determined values for the surface, I, 3,
5, 10 and 20 meter depths were plotted and a line of best fit
was drawn through the plotted points.
The primary productivity of a vertical column of water
which Is one square meter In cross section and extending down
through the euphotlc zone to the compensation depth was
expressed as mgC/m^/unlt time. This value was derived by
summing all productivity values (mgC/m^ ) for each successive
cubic meter. The graph with plotted productivity values
and the line of best fit was used and the area under the
productivity-depth curve was Integrated to obtain a total
value.
As an example, Figure 10 Illustrates the primary productl
vlty at Station 8 on M/ll/74. The points on the graph were
values expressed as mgC/m-Vday as calculated from light-dark
uo
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Beacon Island, Lower Basin, Lake Mead, November II, 1974.
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170.1 mgC/m2/day
Primary Productivity
In the Euphotic Zone.
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bottles. The curve was one of best fit and the area under
the productivity depth curve was summed at each meter through
the euphotlc column from top to bottom to give 170.1 mgC/m^/day.
The euphotlc zone ended at 13 meters where the compensation
depth was recorded with the air of the submarine photometer.
Early In the study period, a replication test for sample
mean variability of assimilation rate was undertaken to
determine the extent or range of mean values to be normally
encountered In sampling and Incubation from a specific depth
and location. In an effort to determine the range of mean
values, 5 each 125 ml BOD bottles were sampled at the surface
and 5 meters. The results of the duplicate sampling test
(Table 42) are expressed In cpm/sample.
The central tendency about the true population mean, p,
using results of sample means can best be estimated by use of
values from a table of percentage points of the t-dlstrlbutlon.
For n-l (d.f.) at the surface,
2 at 0.05 «= 4.303
A at 0.05 = 2.776
The above t-value multiplied by the sample error, sx",
which Is the value obtained by dividing the variance by </7f
Is that value to use in the relationship:
x ~
— x
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1
The assumption here Is that the true population mean, y,
Is covered by the upper and lower 95% confidence limits. For
•the 3 surface sample results, the upper and lower 95% confidence
limits were 368.29 ^ v < 446.30 cpm/sample. For the
same scheme at 5 meters, the true population mean was within
the ranges of 1259.5 .< y <. 2120.9 cpm/sample. The calcu-
lated population mean estimates, y, at the 95% confidence
Interval encompassed a l l observed sample mean values within
the high and low ranges. No anomalous results were noted
In the sample value distributions about the mean. The Inference
from the duplication study was that the Inherent variability
of any given sample result due to errors In sampling and
Incubation are negligible.
18
Table 42. Results of the Replication Study at Station VI,
Sentinel Island, on May 23, 1974.
Samp 1 e Number
072
074
076
073
075
077
079
115
Depth (meters)
Surface*
Surface
Surface
5
5
5
5
5
cpm/sample
393,2
429.0
399.3
1429.4
1948.4
1866.8
1994.9
1928.9
* Two surface samples were lost due to moderate wave action
during period of Incubation.
tit**'
RESULTS
Primary Productivity
Primary productivity measurements were made at 8
permanent locations throughout the Boulder Basin of Lake
Mead. The study period commenced In April 1974 and termi-
nated In January .1975. Productivity levels at Station 2
were based on a vertical depth of 8 meters up to late summer
of 1974 when a rise In the water level was noted. By late
fall, the bottom at Station 2 was at 10 meters and remained
fairly constant up to January 1975.
Table 2 lists values for production as recorded at each
sample depth at Station 2. Productivity levels for April 22,
1974, show a value of 55.20 mgC/m-Vday at the surface. At
I meter, there was a twelve-fold Increase In production rate
as compared to that at the surface. A rapid drop In production
rate Is noted at 3, 5 and 8 meters. This pattern of production
rate where the peak Is noted at I meter Is repeated for a l l
sampling dates at this station with the exception of the sample
for 05/25/74, when the surface sample showed maximum production.
Production rates for all measurements listed as 8 meter depth
after 09/10/74 were actually results from 10 meters In depth.
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Table 2. Primary Productivity In Milligrams Carbon Assimilated
Per Cubic Meter Per Day at Each In-SJI tu Incubation Depth,
April 1974 Through January 1975, Station 2, Las Vegas
Wash Inlet.
Date
04/22/74
05/25/74
06/15/74
07/13/74
07/30/74
08/15/74
08/22/74
09/10/74
10/08/74
11/05/74
12/10/74
01/07/75
Surface
55.20
497.00
162.03
215.47
444.77
662.13
630.29
373.67
145.66
56.81
37.57
16.41
1 Meter
669.17
217.93
304.10
301.82
560.57
763.34
913.18
1516.20
178.81
151.70
67.20
43.09
3 Meter
55.81
103.16
126.31
101.40
182.34
106.03
194.90
158.55
97,30
51.34
40.51
36.85
5 Meter
16.86
36.92
22.20
35.61
36,23
17.17
33.48
24.66
28.67
10.91
10.40
13.42
8 Meter
1.314
2.220
0.360
1.120
0.000
4.440
1.220
1. 090
2.390
0.600
0.110
0.000
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Production rates for Station 3 Indicate that maximum
production occurred once at the surface on 04/26/74 (Table 3).
Peak production within the euphotlc column was at I meter on
7 of the 13 sampling days. These peaks occurred during the
period of heightened production rates In July and August.
Maximum production within the euphotlc column was noted at
3 meters on five different sampling periods. Unlike Station
2 where peak production was noted at I meter In I I of 12
sample periods, primary production was highest at a deeper
depth at Station 3.
Station 4, mouth of Las Vegas Bay, was located roughly
14 kilometers from Station 2 at the eastern extremity of
Las Vegas Bay where the bay opens Into Boulder Basin (Fig. 2).
Peak production at Station 4 occurred at 3 meters except
for samples Incubated on 06/15/74 and 11/05/74 which showed
peak production at I meter (Table 4).
Station 5, Intake Tower, shows a similar trend to that
observed at Station 4. Peak production usually occurs
at 3 meters (Table 5). On 10/27/74, a high production rate
was noted at al l depths making these results the highest
observed for the entire year at this location. On 10/27/74
and again on 11/30/74, peak production occurred at the I meter
depth. Unlike stations 2, 3 and 4 located In Las Vegas Bay,
a peak value occurred at 5 meters at Station 5 on 04/29/74.
Values for I and 3 meters are almost equal to that observed
Table 3. Primary Productivity In Milligrams Carbon Assimilated
Per Cubic Meter Per Day at Each In-SItu Incubation Depth,
If-
April 1974 Through
Date
04/04/74
04/26/74
05/25/74
06/15/74
07/13/74
07/30/74
08/15/74
08/22/74
09/10/74
10/08/74
11/05/74
12/10/74
01/07/75
Surface
3.97
104.00
24.72
29.63
70.03
146.62
144.93
244.92
96.27
73.05
60.39
11.52
2.00
1 Meter
18.01
66.21
145.87
43.87
118.98
253.49
437.10
588.37
421.82
103.56
149.31
33.36
14.61
January
3 Meter
23.61
80.40
135.54
58.26
83.44
206.99
166.42
256.28
436.54
88.89
53.69
35.95
19.38
1975, Station 3, Sand Island
,5 Meter
23.29
79.49
43.35
39.78
60.32
45.35
43.60
64.06
49.22
12.89
9.35
16.34
10 Meter
10.00
3.51
8.08
13.62
2.11
2.96
3.02
1.59
0.36
11.52
1.42
1.70
3.45
20 Meter
1.18
0.11
0.30
0.71
0.14
0.00
0.49
0.00
0.00
1.14
1.05
0.06
0.00
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Table 4. Primary Productivity In Milligrams Carbon Assimilated
Per Cubic Meter Per Day at Each In-SItu Incubation Depth,
April 1974 Through
Bay Mouth.
Date
04/24/74
05/25/74
06/15/74
07/13/74
07/30/74
08/20/74
09/10/74
10/08/74
H/05/74
12/10/75
01/16/75
Surface
3.46
1.86
22.50
27.03
25.48
54.48
44.27
32.23
48.99
17.62
0.93
1 Meter
14.87
34.62
86.72
55.74
61.99
134.58
140.68
62.11
113.64
43.21
13.72
January
3 Meter
30.75
50.14
66.21
60.63
81. 7»
163.70
246.48
74.72
107.32
43.71
20.44
1975, Station 4, Las Vegas
i
5 Meter
12.97
44.56
54.25
58.96
59.15
91.09
104.62
63.65
53.89
20.50
16.31
10 Meter
19.31
5.52
10.24
12.76
8.06
6.08
43.20
9.45
4.47
5.59
20 Meter
0.47
1.29
0.52
0.33
0.37
0.11
0.42
1.10
4.47
0.15
0.00
If
7|
'1
J
«f
Table 5. Primary Productivity In Milligrams Carbon Assimilated
Per Cubic Meter Per Day at Each In-SItu Incubation Depth,
April 1974 Through January 1975, Station 5, Intake Tower.
Date
. 04/29/74
06/20/74
08/06/74
,'ff 09/17/74
(i&m
m 10/27/74*
M H/30/74
m 12/19/74
H 01/16/75
Surface
1.43
23.04
79.47
20.01
116.36
36.34
13.70
8.08
1 Meter
32.37
27.64
137.48
99.09
156.37
51.70
38.66
21.92
3 Meter
33.47
34.41
153.18
161.44
131.65
39.70
43.65
28.29
5 Meter
34.53
33.98
90.44
100.72
84.61
16.28
24.52
20.06
10 Meter
22.88
22,30
8.17
11.16
53.70
1.96
3.42
5.61
20 Meter
1.28
1.12
0.16
0.00
31.11
0.37
0.00
0.00
* Possible error due to crystallization of added radiocarbon tracer.
mat 5 meters. The rates Indicate greater production occurring
at deeper depths due to reduction of the shading effect of
dense phytop Iankton at or near the surface.
The data for Station 6, Sentinel Island (Table 6) on
05/31/74 and 06/21/74 shows maximum production rates occurring
at 5 meters. A l l other sampling data with the exception of
09/29/74 Indicate peak production at 3 meters. The production
curves at this station tend to Indicate the lack of a dense
phytop Iankton layer at or near the surface. The highest
primary production at this station occurred on 08/20/74.
Station 7, Black Canyon, was sampled Infrequently during
this study. The high canyon walls had a tendency to shade the
station during early morning and late afternoon. Sampling
was best accomplished between 10:00 a.m. and 2:00 p.m. when
the position of the sun assured full sunlight at the anchored
buoy marking the permanent station. Production rates at this
station Indicate a peak at 5 meters on 04/29/74 and at I meter
on If/30/74 (Table 7). All other production peaks occurred
at 3 meter depths. Crystallization of the radiocarbon tracer
In the sample of 06/20/74 voided the results for that date.
Station 8, Beacon Island (Figure 2) Is at the uppermost
position of Boulder Basin where Inflow water from the Virgin
Basin enters Boulder Basin. Production rates are low for this
station (Table 8) and show peaks at depths of 3 or 5 meters.
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fable 6. Primary Productivity In Milligrams Carbon Assimilated
Per Cubic Meter Per Day at Each Ijv-SItu Incubation Depth,
iDate
April 1974 Through
Island.
Surface
16.79
33.70
20.54
38.14
22.99
14.63
33.79
1.88
1 Meter
23.53
30.71
29.78
142.65
73.22
38.19
51.03
6.63
January
3 Meter
26.62
39.21
34.80
157.41
59.99
45.78
56.79
12.93
1975, Station 6, Sentinel
5 Meter
30.49
57.79
32.14
41.95
24.75
19.46
32.27
11.05
10 Meter
12.00
33.35
9.47
4.99
3.32
14.50
5.01
4.66
20 Meter
1.30
0.64
0.33
0.41
0.17
1.01
0.00
0.40
Table 7. Primary Productivity In Milligrams Carbon Assimilated
Per Cubic Meter Per Day at Each In-Situ Incubation Depth,
April 1974 Through
Date
04/29/74
06/20/74
08/06/74
09/17/74
10/27/74
M/30/74
Surface
3.22
*
29.09
25.77
26.94
27.79
1 Meter
23.50
*
97.26
81.25
49.14
31.85
November
3 Meter
21.50
*
122.68
143.27
60.25
19.16
1974, Station 7, Black Cany<
5 Meter
31.33
tt
110.02
71.23
33.39
7.13
10 Meter
11.39
*
16.42
14.72
29.11
1.59
20 Meter
3.89
*
0.33
0.54
3.54
0.65
* Error In spike solution (crystallized).
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Table 8. Primary Productivity In Milligrams Carbon Assimilated
Per Cubic Meter Per Day at Each tn-SItu Incubation Depth,
April 1974 Through
Island.
Date
05/31/74
06/21/74
08/27/74
09/29/74
10/15/74
11/19/74
01/14/75
Surface
10.12
6.90
20.60
8.94
6.52
18.54
0.17
1 Meter
13.11
19.25
45.40
15.45
12.49
28.09
8.81
January
3 Meter
15.71
26.69
53.59
9.25
20.28
29.02
11.32
1975, Station 8, Beacon
5 Meter
15.44
29.34
62.72
22.50
27.90
14.26
7.92
10 Meter
15.70
10.04
22.08
4.80
4.03
2.99
6.13
20 Meter
1.58
1.38
0.39
0.00
0.10
0.00
0.60
s?
^
Tables 9 through 15 summarize the productivity rates at
stations 2 through 8 from I meter down through and Including
the compensation depth. The values listed for each meter
depth were derived from the area under the productivity
curve »s drawn from value points obtained by sampling
pre-selected depths of surface, I, 3, 5 and 8 or 10 meters
for Station 2 and up to 20 meters for all other stations.
The total production for the euphotlc column expressed
as mgC/m^/day was calculated by summation of a l l values
under the productivity depth curve as defined earlier.
Station 2 on 04/22/74 showed a total primary production
of 1228 mgC/m2/day (Table 16) which declined to 770 on
05/25/74. then rose to 929.5 on 06/15/74 followed by a slight
decrease to 832.5 mgC/m2/day on 07/13/74. Production within
the euphotlc column shows a marked Increase on 07/30/74 to
1570 mgC/m^/day. It remained high during the peak growing
period and almost doubled by the tenth of September when the
highest production value of 2972.0 mgC/m^/day was measured.
Over 9Q% of this production Is noted In the first 2 meters
of the euphotlc column. This peak In production was followed
by a rapid drop to 640.9 mgC/m2/day on 10/08/74, then to
472.2 In November, to 259.3 In December and a low of 198.3
mgC/m2/<Jay in January 1975. During peak production from
July through September, the assimilation rate occurred mainly
!!!!!!*»
Table 9.
DATE
04/22/74
05/25/74
06/15/74
07/13/74
07/30/74
08/15/74
08/22/74
09/10/74
10/08/74
11/05/74
12/10/74
01/07/75
1
460.0
285.0
295.0
273.0
532.0
755.0
860.0
1020.0
175.0
145.8
63.1
41.0
Primary
Station
2
590.0
182,0
297.0
282.0
522.0
255.0
890.0
1400.0
176.0
149.0
67.8
42.6
Productivity In Milligrams of Carbon Per Cubic Meter Per Day,
2, Las Vegas Wash Inlet, April 1974 Through January 1975.
3
90.0
125.0
225.0
123.0
300.0
142.0
800.0
400.0
144.0
125.0
68.4
40.5
4
55.0
83.0
60.0
56.0
140.0
84.0
135.0
100.0
55.0
27.8
24.2
34.0
DEPTH
5
22.0
54.0
30.0
52.5
64.0
38.0
60.0
42.0
36.4
13.8
14.5
20.5
IN METERS
6
9.0
30.0
15.0
32.0
12.0
3.0
10.0
10.0
25.0
7.0
9.2
8.8
7
2.0
H.O
5.0
14.0
0.0
0.0
0.0
0.0
16.8
3.0
5.9
5.4
8
0.0
0.0
2.5
0.0
0.0
0.0
0.0
0.0
9.5
0.8
3.8
3.2
9
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
3.2
0.0
i.8
1.7
10 (Bottom)
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.6
0.6
TOTAL
1228.0
770.0
929.5
832.5
1570.0
1277.0
2755.0
2972.0
640.9
472.2
259.3
198.3
g^ pppffH*??*8***1-------
Table 10.
DATE
04/04/74
04/26/74
05/25/74
06/15/74
07/13/74
07/30/74
08/15/74
08/22/74
09/10/74
10/08/74
11/05/74
12/10/74
01/07/75
1
14.5
9.0
143.5
38.0
102.0
245.0
427.0
480.0
370.0
98.0
126.0
26.7
12.0
Primary Productivity In Milligrams of Carbon Per Cubic Meter Per Day,
Station 3, Sand Island, April 1974 Through January 1975.
2
20.3
79.8
145.0
49.4
103.5
248.0
428.0
472.0
432.0
100.2
144.0
34.8
16.8
3
22.8
77.5
134.2
57.2
96.0
227.0
363.0
320.0
435.0
96.2
134.8
35.8
19.2
4
24.0
74.0
113.8
57.0
70.0
155.0
100.0
182.0
422.0
79.0
29.0
35.6
19.3
5
23.7
67.4
85.0
;48.8
47.1
77.0
62.0
82.0
370.0
59.0
17.0
33.6
17.7
DEPTH
6
22.2
56.8
57.0
39.0
34.0
43.0
38.0
32.0
45.0
44.0
10.2
7.4
15.4
IN MET
7
(9.6
42.0
37.0
30.7
23.4
22.0
25.0
18.0
22.0
33.5
5.5
4.8
12.9
ERS
8
16.6
25.0
24.9
24.2
15.2
II. 0
14.0
10.0
10. 0
25.0
2.5
3.2
10.3
9
14.0
12.0
16.8
19.4
9.2
4.0
8.0
4.0
2.0
18.4
1.0
2.5
7.5
10
11.4
3.9
10.5
15.4
4.2
1.0
3.5
2.0
0.0
13.0
0.5
1.8
4.8
I I
9.3
0.0
4.8
12.1
0.0
0.0
0.0
0.0
0.0
8.8
0.0
0.0
2.4
12
8.0
0.0
1.0
9.4
0.0
0.0
0.0
0.0
0.0
4.2
0.0
0.0
0.7
13
6.4
0.0
0.0
6.8
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
TOTAL
212.8
528.4
773.5
407.4
504.6
1033.0
1468.5
1602.0
2108.0
579.3
470.5
186.2
139.0
Primary Productivity fn Milligrams of Carbon Per Cubic Meter Per Day,
Station 4, Las Vegas Bay Mouth, April 1974 Through January 1975.
DATE
04/26/74
05/25/74
06/15/74
07/13/74
07/30/74
08/20/74
09/10/75
10/08/74
11/05/74
12/10/74
01/16/75
1
6.0
40.4
72.0
41.0
48.0
122.0
110. 0
56.4
110.5
33.0
10.5
2
23.5
48.4
85.0
58.2
69.8
145.4
175.0
67.4
112.5
47.2
15.8
3
31.0
50.0
75.0
60.4
81.0
160.0
242,0
74.0
109.5
47.1
19.9
4
30.7
46.5
66.0
60.8
79.0
158.0
243.0
74.5
92.2
35.5
19.7
5
17.1
42.5
56.0
59.8
66.0
132.0
133.0
70.0
63.8
24.8
17.6
DEPTH
6
10.0
37.6
46.0
55.5
54 .-0
62.0
85.0
65.0
43.8
18.2
15.4
IN METERS
7 8
6.9
32.5
35.0
47.0
45.0
38.0
55.0
60.0
30.9
13.8
13.4
4.8
27.5
25.0
36.0
35.0
24.8
35.0
54*7
23.0
10.0
11.3
9
3.0
22.4
17.0
24.2
26.0
16.5
22.0
49.4
16.5
7.5
9.3
10
1.7
16.8
10.8
14.0
17.0
10.4
10.0
42.8
II. 0
5.5
6.8
It
0.4
11.9
4.4
7.5
8.8
6.0
2.0
34.4
7.5
3.8
4.2
12
0.0
7.5
0.0
2.4
2.2
2.4
0.0
26.0
4.0
2.0
1.0
13
0.0
4.2
0.0
0.0
0.0
0.0
0.0
16.9
1.9
0.0
0.0
TOTAL
137.1
388.2
492.2
466.8
531.8
877.5
850.0
691.5
627.1
248.4
144.9
Table 12. Primary Productivity In Milligrams of Carbon Per Cubic Meter Per Day,
Station 5, Intake Tower, April 1974 Through January 1975.
DATE I
DEPTH IN METERS
6 7 8 10 II 12 13 TOTAL
04/29/74 28.3 33.0 34.0 34.3 34.0 33.4 32.2 30.2 28.2 24.8 21.3 17.7 14.2 365.6
06/19/74 25.7 29.5 33.7 35.0 34.5 33.5 32.2 30.2 27.2 24.5 20.0 i3.6 0.2 339.8
08/06/74 125.0 143.0 152.0 152.0 102.0 77.0 52.8 33.0 20.2 11.0 5.0 0.0 0.0 873.0
09/17/74 64.0 128,0 159.0 158.5 132.4 68.0 42.0 29.0 20.0 14.0 9.0 6.0 2.0 831.9
10/27/74 146.0 155.4 141.5 110.0 92.4 81.5 72.5 66.0 60.0 55.0 50.4 46.4 43.0 1120.1
N/30/74 51.2 51.3 45.1 31.0 21.0 14.9 10.6 7.2 4.8 2.9 1.4 0.0 0.0 241.4
12/19/74 27.1 42.0 43.6 43.5 36.6 20.5 14.0 9.6 6.5 4.5 2.7 1.3 0.0 251.9
01/16/75 18.7 24.8 27.0 27.0 23.2 17.4 13.2 10.3 8.0 6.3 4.7 2.8 0.0 183.4
Table 13. Primary Productivity In Milligrams of Carbon Per Cubic Meter Per Day,
Station 6, Sentinel Island, April 1974 Through January 1975
DATE 1
DEPTH IN METERS
6 7 8 10 i t 12 13 TOTAL
05/30/74 21.7 24.6 26.7 28.7
06/21/74 31.2 38.2 44.4 50.5
07/17/74 28.8 32.5 34.4 34.7
08/20/74 80.0 150.0 180.0 174.0
09/29/74 64.0 72.0 65.5 50.0
10/15/74 30.4 41.5 45.1 45.0
11/19/74 45.5 53.5 56.2 56.3
01/14/75 4.4 8.8 12.4 12.8
30.0 30,5 28.8 25.9 22.0 16.2 9.4 3.5 0.0 268.0
56.5 57.0 53.4 49.7 44.9 38.0 29.0 16.0 0.0 508.8
33.5 31.0 27.7 23.0 17.7 12.0 7.4 4.3 1.0 288.0
60.0 36.0 27.0 19.0 12.8 6.6 3.0 0.0 0.0 748.4
30.2 21.2 15.2 10.9 7.6 4.7 2.2 0.2 0.0 343.7
39.0 32.5 26.0 19.5 14.0 9.4 5.7 2.8 0.0 310.9
42.2 26.'4 18.1 12.7 9.1 6.2 4.0 2.2 0.9 333.3
11.7 10.6 9.6 7.8 7.0 5.4 3.5 1.2 0.0 95.2
Table 14. Primary Productivity In Milligrams of Carbon Per Cubic Meter Per Day,
Station 7, Black Canyon, April 1974 Through November 1974.
DATE
DEPTH IN METERS
6 7 8 10 II 12 13 TOTAL
04/29/74 7.2 19.0 25.7 29.0 31.2 32.2 29.5 24.5 18.3 13.2 9.5 7.2 5.2 251.7
08/06/74 80.4 110.0 125.0 124.0 116.0 103.0 84.0 63.0 39.0 22.4 !0.8 2.4 0.0 880.0
09/17/74 43.0 114.4 141.8 142.0 100.4 59.0 43.0 32.2 24.0 17.8 12.0 7.0 3.0 739.6
10/27/74 45.0 53.4 59.3 59.5 46.5 39.0 34.0 30.5 27.8 25.8 23.8 21.5 18.8 484.9
M/30/74 31.6 31.8 25.5 13.5 9.0 6.4 4.5 3.2 2.4 1.5 0.8 0.0 0.0 130.2
DATE
Table 15. Primary Productivity In Milligrams of Carbon Per Cubic Meter Per Day,
Station 8, Beacon Island, April 1974 Through January 1975
OEPTH ,N METERS
I 2 3 4 5 6 7 8 9 10 II 12 13 TOTAL
05/30/74 11.7 14.0 15.0 15.5 15.6 15.2 15.2 15.2 15.4 15.6 15.5 14.7 12.2 190.8
06/21/74 17.9 22.1 24.8 27.0 28.7 29.1 26.6 22.5 17.5 12.5 8.0 4.8 2.5 244.0
08/27/74 37.6 47.0 53.0 58.1 62.2 62.1 57.1 49.4 39.4 28.4 18.0 II.I 4.9 528.3
09/29/74 13.4 17.0 19.4 21.2 22.7 22.4 19.2 14.7 10.5 6.3 3.7 1.6 0.0 J73.I
10/15/74 8.9 13.7 18.7 24.0 27.7 27.2 19.0 11.8 7.7 5.2 3.2 1.5 O.I 168.7
11/19/74 23.6 29.6 29.6 27.3 18.2 12.5 9.4 7.0 5.2 3.7 2.4 1.2 0.2 170.1
01/14/75 6.7 10.I 11.2 H.4 10.8 10.0 8.8 7.6 6.5 5.2 3.3 I.I 0.0 92.7
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Table 16. Primary Productivity as Milligrams of Carbon
Per Square Meter Within the Euphotlc Zone
DATE
STATION NUMBER
3 4 5 , 6 7 8
04/04/74
04/22/74
04/26/74
04/29/74
05/25/74
05/30/74
06/15/74
06/19/74
06/21/74
07/13/74
07/17/74
07/30/74
08/06/74
08/15/74
OB/20/14
08/22/74
08/27/74
09/10/74
09/17/74
09/29/74
10/08/74
10/15/74
1228.0
212.8
525.8 137.1
365.6 251.7
770.0 773.5 388.2
929.5 407.4 492.2
268.0 190.8
339.8
832.5 504.6 466.8
1570.0 1033.0 531.8
508.8
288.0
244.0
873.0 880.0
1277.0 1468.5
2755.0 1602.0
877.5 748.4
528.3
2972.0 2108.0 850.0
640.9 579.3 701.5
831.9 739.6
343.7
310.9
173.1
168.7
73
Table 16 (Continued)
DATE
10/27/74
11/05/74
11/19/74
11/30/74
12/10/74
12/19/74
01/07/75
01/14/75
01/16/75
STATION NUMBER
2 3 4 5 6 7 8
1120. 1* 484.9
472.2 470.5 627.1
333.3 170.1
241.4 130.2
259.3 186.2 248.4
251.9
198.3 139.0
95.2 92.7
144,9 183.4
*Posslble error due to crystallization of added radiocarbon tracer.
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In the first 2 meters of the euphotlc column. As the rate
of production dropped, the deeper layers showed an increase
relative to the upper waters.
Station 3 showed similar peak production periods as
Station 2. Values In July are elevated and remained so into
September at which time productivity was about twice the
July levels. The September peak of 2108 mgC/m2/day, the
highest recorded at this station for the study period
compared to 2972.0 mgC/m2/day for Station 2 located closer
to Las Vegas Wash where the treated effluent enters the lake.
As seen In Tables 10 and 16, productivity at Station 3
Increased gradually from 04/04/74 to 05/25/74. A decrease
on 06/15/74 was followed by a slight Increase on 07/13/74.
The productivity rate Increased rapidly, peaking In September,
declining rapidly In October and continuing to decline through
January 1975. This same pattern, though not as pronounced as
at Stations 2 and 3, was noted at all other stations.
Peak primary production rates at Station 4 occurred In
August and September (Tables II and 16). There is a tendency
for Station 4 to show higher productivity rates than Station 3
during the period of declining productivity from October 1974
through January 1975. This trend was also reflected at Station
5 where peak production was noted in October (Table 12 and 16).
These discrepancies In the pattern of eutrophlcation Indicate
the possibility of a secondary source of nutrient contribution
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at Stations 4 and 5. The production value of 1120.1 mgC/m^/day
on 10/27/74 at Station 5 approached the polluted or artifi-
cially eutrophlc levels as classified by Rodhe (I960). This
high value was Interesting since It occurred at a time when
all other stations showed a downward trend In productivity.
Even et Station 2, where production was greatly influenced
by Inflowing nutrients, the production values were 640.9
mgC/m2/day on 10/08/74 and 472.2 mgC/m2/day on 11/05/74.
Production within the eutrophlc column at Station 2 occurred
mainly 1n the top 3 meters (Table 9) but extended to 13
meters at Station 5. Though values for the top 3 meters
within the eutrophlc column for both stations 2 and 5 are
comparable In production rates, those values for Station 5
are much greater in deeper waters.
The rate of primary productivity at Station 6 was highest
In August (Table 13). A smaller peak was noted on 06/21/74.
After the maximum observed on 08/20/74, all succeeding monthly
values showed a trend of stability within a range of 310 to 343
mgC/m^/day from September through November 19, 1974. Sampling
on 01/14/75 showed the productivity rate to be at 95.2 mgC/m2/day
or within ollgotrophic levels as defined by Rodhe (1969).
The production rate of 880.0 mgC/m2/day (Table 14) on 08/06/74
was tho peak value observed at Station 7. Though this station
was sampled infrequently because of the shading effect by
the high canyon walls and the strong gusty winds blowing out
' Hitin
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of the southwest, enough data are available to Indicate that
the production rate at this station was of the same order
of magnitude as that measured at Station 6.
The lowest production rates observed at all 7 locations
within Boulder Basin were those from Station 8. Peak pro-
duction at this station was In August (Table 15) at 528.3
mgC/m2/day. On 06/21/74 the rate of productivity was 244.0
mgC/m^/day. Productivity was less than 200 mgC/m^/day at
all other sampling times, with an observed low of 92.7
mgC/m2/day on 01/14/75.
Table 16 summarizes the primary productivity values
(mgC/m2/day) for Stations 2 through 8 from April 1974 through
January 1975. Maximum primary productivity rate occurred
consistently at Station 2. On two occasions, 05/25/74 and
08/15/74, production was higher at Station 3 located approxi-
mately 1.5 kilometers from the Las Vegas Boat Harbor and 2.0
kilometers from Station 2. Though production In the upper
2 meters at Station 2 on 05/25/74 exceeded the value noted
for Station 3 by 178.5 mgC/m^/day, the euphotlc zone extended
« . -r
to 12 meters at Station 3. On 08/25/74, the euphotlc zone
at Station 3 extended to 10 meters compared to 6 meters at
Station 2.
A rapid decline In primary productivity was observed In
late September. The second highest rate of production 701.5
f%
mgC/mVday during the month of October occurred at Station 4.
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This was exceeded at Station 5 on 10/27/74. Stations 2 and
3 on 10/08/74 showed productivity rates of 640.9 and 579.3
mgC/m2/day, respectively.
All primary productivity rates after October show a
fairly rapid decline to mesotrophlc or olfgotrophlc levels
Into December 1974 and January 1975.
Chemical Characteristics
Total Alkalinity
The waters of the Colorado River which contribute almost
all the water for Lake Mead are characterized as hard water.
Past measurements of total alkalinity on waters of Las Vegas
Bay taken In the summer of 1972 (Deacon and Tew, 1973)
Indicate high alkalinity values from 100 to 110 mg/l In the
euphotlc column (to 13 meters) and Increasing to 140 to 145
mg/l below the compensation depth to 50 meters.
During the present study, we found that the total
alkalinity values at Station I were higher than those recorded
for Stations 2 through 8 (Table 17). This Indicates higher
concentrations of anions in the water of Las Vegas Wash
than In Las Vegas Bay. Tables 18 through 24 are a tabulation
of total alkalinity measurements done at every pre-selected
depth during the course of this study. Thirty-two measurements
at Station 7 to as many as 78 alkalinity determinations at
Station 3 showed a noticeable decline In alkalinity values at
each station during periods of peak primary production. A
m
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Table 17. Total Alkalinity Measurertients Expressed as
Milligrams Per Liter of Calcium Carbonate,
Station I, Las Vegas Wash at Bridge Where
North Shore Road Crosses Effluent Stream.
Date
03/19/74
05/24/74
06/24/74
07/12/74
07/26/74
08/13/74
08/28/74
09/13/74
Surface
188
260
228
272
254
282
254
ii'iii
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1
gradual Increase In alkalinity was apparent during the winter
months when productivity was approaching a seasonal low.
Station 2 shows higher levels of alkalinity than other
stations In Boulder Basin on 04/04/74. It showed, however,
the greatest decline during the period from 06/15/74 through
09/10/74 when the peak primary production occurred (Table 18).
The Inverse correlation of decline In alkalinity with the
Increased rate In productivity was reflected at all stations
within Boulder Basin during this study. Alkalinity values
at 20 meters (below the euphotlc zone) at Stations 3 through
8 do not show a decline except during periods of peak summer
production (Tables 19 through 24). This Indicates a lack of
ass I ml IatIon at these depths, ft also suggests that some
circulation or assimilation under low light conditions occurred
during the summer productivity maxima. Phenolphthaleln or
carbonate alkalinity was low during most of the study period
but showed some Increase during the peak growing period near
the surface. Average phenolphthaleIn alkalinity was between
2 to 4 mg/l and the maximum did not exceed 12 mg/l.
Dissolved Oxygen
The measurement of dissolved oxygen (0.0.) at a i l sampling
stations was accomplished by an oxygen probe which was lowered
to each pre-selected depth. Dissolved oxygen readings at
Stations;2 through 8 always Indicated a decrease with depth
(Tables 25 through 3D. During January 1975, dissolved
.as
1
80
iS
K'-.
Table 18. Total Alkal
Ml 1 II grams
Station 2,
Inlty Measurements Expressed as
Per Liter
Las Vegas
of Calcium Carbonate,
Wash 1
DEPTH IN
DATE
04/04/74
05/25/74
06/15/74
07/13/74
07/30/74
08/15/74
08/22/74
09/10/74
10/08/74
M/05/74
12/10/74
01/07/75
Surface
135
117
84
82
70
76
74
79
92
94
105
Ml
1
123
116
84
90
72
76
76
80
80
98
I I I
Ml
3
193
117
92'
92
70
78
89
80
78
96
MO
MO
nlet.
METERS
5 10'
166
118
96
89
80
80
79
67
81
100
112
112
(Bottom)
h
t?
'tj;J
il
i
127 ,|
ij
136
95 (
110 j
f IJ
80 <|
« 1
101 ,1U r;
••••••a, a
82 ' »j
1 / 3t
105 *
'"•:>«
118 :, i,l
••-?»»
'a
1
1
'Stifi
117 ;"""<»!,,iJr Hi
126 , ^ 1
________ n:niitM.JmH
81
Table 19. Total Alkalinity Measurements Expressed as
Milligrams Per Liter of Calcium Carbonate,
Station 3, Sand Island.
DATE
04/04/74
04/26/74
05/25/74
06/15/74
07/13/74
07/30/74
08/15/74
08/22/74
09/10/74
10/08/74
11/05/74
12/10/74
01/07/75
Surface
115
113
113
91
88
74
76
74
76
89
98
116
112
DEPTH IN
1 3
115
115
115
93
86
76
78
72
79
84
94
115
112
116
115
115
92
86
76
77
76
81
86
95
115
113
METERS
5
117
116
112
94
84
74
88
75
82
86
98
114
112
10
119
116
122
106
97
92
88
89
90
88
105
116
114
20
122
119
132
116
113
112
102 , ;
F
106 j
105
104 :i33/••-a
. . _ 4bil
1 1 5 'iBiijiiiiiiiiiB'"^ IIP*"it? ^ nil
1 20 '-'M
Table 20. Total Alkalinity Measurements Expressed as
Milligrams Per Liter of Calcium Carbonate,
Station 4, Las Vegas Wash Mouth,
DATE
04/24/74
05/25/74
06/15/74
07/13/74
07/28/74
08/20/74
09/10/74
10/18/74
11/05/74
12/10/74
01/16/75
Surface
117
124
100
82
90
88
73
88
90
124
116
DEPTH IN
1 3
115
125
99
93
90
89
82
84
92
119
116
KB
135
100
82
96
88
88
86
93
113
115
METERS
5
120
125
102
88
80
92
78
86
92
114
115
10
118
126
105
94
102
89
84
86
98
115
117
20
125
130
115
112
114
108
116
108
120
113
115
83
Table 21. Total Alkalinity Measurements Expressed as
Milligrams Per Liter of Calcium Carbonate,
Station 5, Intake Tower.
DATE
04/29/74
06/19/74
08/06/74
09/17/74
10/27/74
11/30/74
12/19/74
01/11/75
Surface
112
98
88
86
86
113
115
115
DEPTH IN
1 3
126
99
88
82
90
115
123
115
125
96
87
84
92
120
118
116
METERS
5
124
98
89
88
94
114
120
116
10
127
106
90
89
92
114
118
116
20
129
118
101
123
90
113
120
116
Table 22. Total Alkalinity Measurements Expressed as
Milligrams Per Liter of Calcium Carbonate,
Station 6, Sentinel Island.
DATE
05/30/74
06/21/74
07/17/74
08/20/74
09/29/74
10/15/74
M/19/74
01/14/75
Surface
124
99
92
77
80
100
88
109
DEPTH IN METERS
1 3 5
122
102
91
85
86
99
90
110
122
100
92
90
84
86
90
I I I
121
102
92
87
84
90
92
HO
10
121
104
92
87
88
92
96
112
20
121
114
106
110
120
101
109
124
Table 23. Total Alkalinity Measurements Expressed as
Milligrams Per Liter of Calcium Carbonate,
Station 7, Black Canyon.
DATE
04/29/74
08/06/74
09/17/74
10/27/74
12/03/74
Surface
116
92
84
86
81
DEPTH IN
1 3
117
92
90
90
90
115
92
90
94
100
METERS
5
117
93
91
92
I I I
10
128
93
90
92
115
20
129
109
118
100
117
86
Total Alkalinity Measurements Expressed as
Milligrams Per Liter of Calcium Carbonate,
Station 8, Beacon Island.
p*
P0/74
§21/74
&
W* 'f/27/74
if.-
1.
f/30/74
1/15/74
ir
fe
/I4/75
Surface
126
104
89
86
91
88
110
DEPTH IN
1 3
126
102
89
86
91
89
112
128
102
90
86
91
89
NO
METERS
5
128
101
92
84
94
92
114
10
124
120
95
84
94
96
117
20
128
120
103
122
109
109
119
"A ''•(
'•••'Hi
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oxygen levels were essentially equal from top to bottom,
Indicating complete mixing due to extinction of the meta-
llmnetlc layer which first began forming In late April.
Dissolved oxygen within a reservoir Is largely Supplied by
the aprlng and fall Inflowing waters as well as, but to a
lesser amount, algae photosynthesis acting as a source of
dissolved oxygen (Hoffman, et a I., 1967).
The D.O. pattern within Boulder Basin Is one of decrease
In the metallmnlon and then an Increase In the cold hypo-
limnetic waters. Deacon and Tew (1973) observed this same
pattern. A positive heterograde curve was observed with a
maximum at 5 meters at Station 4 on 06/15/74; at Station 6
on 06/21/74; and at Station 8 on 06/21/74 and 09/27/74. A
maximum occurred at Station 7 on 12/03/74 at I meter. With
the exception of the occurrence at Station 4, a l l other
elevated oxygen levels correspond to the depth at which the
rate of primary production was highest.
Specific Conductance
Specific conductance measurements reflect the amount of
dissolved solids In solution. The results given in tables
25 through 31 for Stations 2 through 8 In Boulder Basin,
reflect higher conductivity readings near the bottom at
Station 2 than elsewhere. Increased conductivities, reflecting
Influence from Las Vegas Wash were also measured in the water
column at Station 3. This Increased conductivity was often
88
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associated with a depressed pH reading (Table 26). Increased
conductivities were not observed at other stations.
Hydrogen Ion Concentration (pH)
Values of hydrogen ton concentration as pH at Stations 2
through 8 ranged from 6.6 to 9.4 during this study (Tables 25
through 31). Surface pH was always higher than that In the
metallmnlon and colder bottom waters. During extinction of
the metallmnlon and succeeding overturn, pH values were
generally even from surface to bottom. During peak summer
production, pH values, near the surface where most of the
assimilation was occurring, were elevated since there was
a rapid utilization of available free CC^ . Values for pH
Increased In deeper water, probably because of the libratlon
of free carbon dioxide by oxldatlve processes.
Biological Characteristics
Phytoplankton Cell Numbers
Surface water samples were collected at all stations within
Boulder Basin, Lake Mead, to determine cell numbers. Three
liter water samples were collected for estimation of total numbers
and generic composition by the Ferguson-Wood method as described
in Deacon and Tew (1973).
Weter samples for the determination of generic composition
of the phytoplankton were not collected on the same day as
In-sltu Incubations were accomplished.
Figure II compares primary productivity data and phyto-
plankton numbers expressed as cells per ml 1 1 1 liter (celts/ml)
.il.l'T'J
S'TiB
Table 25. Temperature, Dissolved Oxygen, Specific Conductance, Hydrogen Ion Concentration and
Light Transmlttance, April 1974 Through January 1975, Station 2, Las Vegas Wash Inlet.
Date/
Time
04/22/74
1230 hrs.
05/25/74
UOO hrs.
06/15/74
0800 hrs.
07/13/74
0640 hrs.
07/30/74
0700 hrs.
Depth
In Msters
Surface
!
5
5
8»
Surface
1
3
5
8.5*
Surface
1
3
5
8*
Surface
1
3
5
8*
Surface
1
3
5
8*
Temperature
°C
15.2
15.2
15.1
15.0
15.0
22.5
22.0
20.5
20.0
19.8
25.5
25.5
25.5
23.0
24.0
26.0
26.0
26.0
25.0
24.5
29.5
29.5
29.5
29.5
23.5
Dissolved
Oxygen
mg/l
16.5
16.9
16.1
15.5
9.4
13.4
13.0
12.0
11.6
II. 0
15.0
15.0
14.5
13.0
10.0
10.2
10.0
9.9
8.0
6.4
10.5
10.2
10.2
9.6
7.8
Specific
Conductance
ymho/cra
1120
1120
1120
1120
1230
1000
1000
1000
980
1500
1100
1100
1100
1100
2400
1200
1200
1200
1200
1500
1200
1200
1150
1300
2200
Hydrogen Ion
Concetratlon
PH
8.4
8.4
8.4
8.2
8.0
8.3
8.2
8.2
8.1
8.1
8.8
8.8
8.6
8.5
8.3
9.4
9.4
9.3
9.1
8.9
8.5
8.4
8.4
8.4
8.J
Light
Transmlttance
%
100.0
28.3
5.2
I.I
100. C
9.2
1.5
0.3
100.0
25.0
5.5
1.0
Table 25 (Continued)
Date/
Time
08/15/74
1230 hrs.
08/22/74
0805 hrs.
09/JO/74
I! 55 hrs.
JO/08/74
Ii45 hrs.
{ 1/05/74
1400 hrs.
Depth
In Meters
Surface
5
9*
Surface
1
3
5
9*
Surface
5
10*
Surface
1
3
5
10*
Surface
1
3
5
10*
Temperature
°C
26.5
26.5
25.0
25.5
25.5
26.0
25.5
25.0
25.0
25.0
22.0
22.0
22.0
20.0
18.0
18.0
18.0
17.5
15.0
Dissolved
Oxygen
mg/l
10.2
8.4
7.0
8.0
7.4
6.9
4.1
4.7
9.1
6.7
7.3
10.4
8.5
8.9
10.8
10.2
8.9
8.8
8.8
Specific
Conductance
v mho/cm
1100
1100
1800
1200
1200
1200
1200
1900
MOO
1100
2200
1200
1200
2200
1200
1200
1200
1200
2400
Hydrogen Ion
Concentration
PH
8.4
7.9
7.7
7.7
7.7
7.6
7.2
7.4
8.6
8.4
8.3
8.9
8.8
8.6
8.6
8.6
8.5
8.5
8.2
Light
Transmittance
%
100.0
1.9
100.0
!4.0
1.4
100.0
!0.7
2.1
0,5
Table 25 (Continued)
Date/
Time
12/10/74
1100 hrs.
01/07/75
1210 hrs.
Depth
In Meters
Surface
1
3
5
SO*
Surface
1
3
5
10
10.5*
Temperature
°C
14.5
14.5
14.5
14.0
10.0
II. 0
II. 0
M.O
10.5
10.5
8.0
Dissolved
Oxygen
mg/l
9.2
9.2
9.3
9.2
9.7
10.6
10.7
10.6
ro.s
10.4
10.6
Specific
Conductance
p mho/ cm
1150
1150
1150
1150
2500
100
100
100
100
190
2000
Hydrogen Ion
Concentration
pH
8.3
8.3
8.3
8.3
8.i
8.3
8.3
8.3
8.3
8.3
8.2
Light
Transmlttance
%'
100.0
27.0
7.0
2.0
100.0
36.5
12.2
4.4
* Bottom.
„
f
' ^Hej*
January 1975,Station 3, Sand Island.
(W«/
lime
04/04/74
1020 hrs.
04/26/74
M!5 hrs.
05/25/74
1030 hrs.
06/15/74
0845 hrs.
In Melen
Surface
1
3
5
10
20
Surface
5
10
15
20
Surface
I
3
5
10
15
20
Surface
1
3
5
10
I**,,!,,,,
12.0
13.9
11.5
11.5
11.5
11.5
15.0
14.5
14.5
14.5
14.5
23.0
23.0
22.5
22.0
18.0
18.0
16.0
25.5
26.0
25.5
23.5
22.0
HI KBQ lUtfl1 1 1 B"n | frMl
my/I
9.4
9.1
9.0
9.0
8.9
10.9
ii.O
II. 0
t i . O
9.8
8.5
7.0
12.0
!2.0
12.0
14.0
9.6
WtflllP
I'MnlillMHllMl
innlw/aii
1050
1050
1050
1000
1050
950
980
980
1000
980
1000
1000
100
too
iOO
too
(00
ttyflrop |pi\l Hull Mil 1
pH
7.9
7.8
7.8
7.7
7.7
7.7
8.0
8.0
7.9
7.9
7.9
8.2
8.2
8.2
8.2
8.0
7.8
7.8
8.5
8.5
8.5
8.5
8.4
1 LI it u ill i i 1 u 1 1 LiUf f | f *Hi ] 1 * rllti »*)t
100.0
40.0
18.3
7.9
0.5
vt
^
Table 26 (Continued)
Date/
Time
06/15/74
(Cont.)
07/13/74
0745 hrs.
07/30/74
0730 hrs.
Depth
tn Meters
15
20
25
30
Surface
1
3
5
10
15
20
25
30
Surface
1
3
5
10
15
20
25
30
Temperature
°C
20.5
18.5
17.0
15.0
26.0
26.0
26.0
25.5
23.0
20.0
18.5
16.0
15.0
29.5
29.5
29.5
29.5
26.5
22.5
20.0
18.0
16.5
Dissolved
Oxygen
mg/l
5.9
5.5
5.3
5.7
9.5
9.4
9.4
9.0
8.5
1.8
2.4
3.5
4.0
10.0
9.8
9.7
9.6
2.9
1.4
1.8
1.9
2.9
Specific
Conductance
vmho/cm
1200
1300
1200
1150
1150
1150
1150
1150
1150
1300
1250
1150
1150
1100
1100
1100
1100
MOO
1300
1200
1200
1100
Hydrogen Ion
Concentration
PH
7.9
7.9
7.9
7.9
9.2
9.2
9.2
9.1
8.6
7.7
7.6
7.8
8.0
8.9
8.9
8.4
8.4
7.6
7.4
7.5
7.6
7.7
Light
Transmlttance
%
100.0
15.0
5.0
1.7
O.I
-
100.0
30.0
13.0
4.5
Table 26 (Continued)
Date/
Time
08/15/74
0740 hrs.
08/22/74
0830 hrs.
09/10/74
1024 hrs.
Depth
In Meters
Surface
5
10
15
20
25
30
35
40
Surface
1
3
5
10
15
20
25
30
35
40
Surface
1
3
5
10
Dissolved Specific
Temperature Oxygen Conductance
°C mg/l pmho/cm
26.0
26.0
26.0
23.0
20.0
18.0
16.5
15.0
14.0
25.5
26.0
26.0
26.0
25.5
23.0
20.0
18.5
17.0
16.0
15.0
25.0
25.0
25.0
8.4
8.0
7.4
0.6
1.5
1.5
1.9
3.0
3.6
10.4
10.2
10.0
9.4
3.0
100
100
100
500
100
100
100
100
100
100
100
150
150
150
0.9 1400
0.9 1200
1.6 1150
1.4 1150
1.9 1100
1.9 1100
8.2 1 100
7.3 1100
1.5 1100
Hydrogen Ion
Concentration
pH
7.9
7.9
7.8
6.6
6.7
6.7
6.7
6.8
6.9
8.2
8.2
7.9
7.8
7.1
6.7
6.7
6.7
6.8
6.8
6.8
9.0
8.5
7.7
1 Light
Transmtttance
%
100.0
40.0
12.0
3.3
VO
Table 26 (Continued)
Date/
Time
09/10/74
(Cont. )
10/08/74
1045 hrs.
Depth
In Meters
12
13
14
15
16
18
20
25
30
33
35
37
39
40
Surface
1
3
5
10
15
17
18
19
20
2!
22
25
30
35
40
Temperature
°C
22.0
18.5
17.5
17.0
16.5
15.0
22.0
22.0
22.0
22.0
20.5
18.5
17.5
16.5
15.0
D ! sso 1 ved
Oxygen
mg/l
0.6
0.4
O.I
0.3
0.5
0.9
1.0
1.6
0.8
0.6
0.3
0.2
0.3
0.2
8.6
8.0
7.8
7.5
3.1
1.7
2.0
1.5
t.l
0.9
0.6
0.5
2.6
1.0
Specific
Conductance
vmho/cm
1300
1100
MOO
1100
1100
1100
MOO
MOO
1100
1100
1500
1200
1100
1100
1100
Hydrogen Ion
Concentration
pH
7.5
7.6
7.6
7.5
7.4
7.5
9.1
9.1
8.7
8.6
7.8
7.6
7.6
7.6
7.7
Light
Transmlttance
%
100.0
30.0
7.6
2.6
vO
UJ
Table 26 (Continued)
Date/
Time
11/05/74
1230 hrs.
12/10/74
1445 hrs.
01/07/75
11 1 5 hrs.
Depth
In Meters
Temperature
°C
DIssoIved
Oxygen
mg/l
Specific
Conductance
ymho/cm
Hydrogen Ion
Concentration
pH
Light
Transmlttance
Surface
I
3
5
10
15
20
25
30
35
40
Surface
I
3
5
10
15
20
Surface
I
3
5
10
18.0
18.0
18.0
17,
S7.
17.
17,
17.
17.
14,
14,
14,
17.5
15.5
15.0
15.0
15.0
14.5
12.0
12.0
12.0
12.0
12.0
8.6
8.5
8.2
7.9
7.6
7.5
7.5
7.5
6.4
3.5
1.2
9.6
9.3
8.8
8.6
8.1
8.1
8.1
9.5
10.4
9.6
9.4
9.4
1200
1200
1200
1200
1200
1200
1200
1200
1500
1400
1300
1150
1150
1150
1150
1150
1150
M50
MOO
MOO
MOO
MOO
MOO
8.4
8.4
8.4
8.3
8.3
8.3
8.2
8.2
8.2
7.7
7.4
8.3
8.3
8.3
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
100.0
30.0
7.5
3.8
0.2
100.0
34.5
15.0
8.0
1.7
100.0
34.5
15.0
8.0
1.7
Table 26 (Continued)
Data/
Ume
Depth
In Meters
Temperature
°C
Dissolved
Oxygen
mg/1
Specific
Conductance
vmho/cm
Hydrogen Ion
Concentration
pH
Light
Transmfttance
01/07/75
(Cont.)
15
20
25
30
35
40
.5
.5
.5
.5
.5
.5
9.3
9.3
9.3
9.3
9.3
9.4
1150
1150
1140
1130
1130
1120
8.2
8.2
8.2
8.2
8.2
8.2
Temperature, Dissolved Oxygen, Specific Conductance, Hydrogen Ion Concentration and
Light Transmlttance, April 1974 Through January 1975, Station 4, Las Vegas Bay Mouth.
Date/
Time
Depth
Sn Meters
Temperature
°C
Dissolved
Oxygen
mg/l
Specific
Conductance
v mho/ cm
Hydrogen Ion
Concentration
PH
Light
Transmlttance
%
04/26/74
1345 hrs,
05/25/74
0930 hrs.
06/15/74
1000 hrs.
Surface
5
10
15
20
25
30
35
40
Surface
I
3
5
10
15
20
Surface
I
3
5
10
15
15.6
15.5
15.0
14.0
13.2
13.0
12.5
11.5
M.2
21,
21,
20,
20.0
18.5
18.0
16.0
25.5
25.5
25.5
23.5
22.0
20.0
10.4
10.4
10.5
9.6
9.0
9.0
8.7
8.1
8.1
,5
.5
.5
.5
10.
10.
10.
10.
9.5
8.6
7.5
12.0
11.9
11.8
12.
10.
.5
.5
7.0
100
100
100
100
100
100
100
100
100
950
980
980
980
990
990
990
1050
1050
1050
1050
1000
1050
8.1
8.0
8.0
7.9
7.8
7.8
7.7
7.6
7.6
8.4
8.2
8.2
8.2
8.1
8.0
7.8
8.4
8.4
8.4
8.4
8.4
8.2
100.0
57.0
27.0
14.3
1.9
\£>
CD
U»
Table 27 (Continued)
Date/
Time
06/15/74
(Cont. )
07/13/74
0830 hrs.
07/30/74
0830 hrs.
Depth
In Meters
20
25
30
35
Surface
1
3
5
10
15
20
25
30
35
40
Surface
1
3
5
10
15
20
25
30
Temperature
°C
17.5
16.5
15.0
14.0
26.0
25.0
25.0
25.5
24.5
21.0
18.5
. 17.0
15.5
13.5
13.0
27.5
• 27.5
27.5
27.5
26.0
22.5
20.0
18.0
16.5
Dissolved Specific
Oxygen Conductance
mg/ 1 pmho/cm
6.9 1050
6.7 1050
6.7 1050
7.3 1050
9.4
9.0
9.0
8.7
8.1
5.5
4.0
4.2
4.8
5.4
5.8
9.2
9.3
9.0
9.0
4.4
3.4
3.4
3.1
4.0
150
150
150
150
100
150
200
150
150
150
150
100
100
100
100
100
100
100
100
100
Hydrogen Ion
Concentration
PH
8.1
8.0
8.0
8.0
9.2
9.1
9.1
8.6
8.5
8.2
7.9
7.9
8.1
8.1
8.2
8.4
8.4
8.4
8.4
7.8
7,7
7.7
7.7
7.7
Light
Transmlttance
%
100.0
27.5
10.0
3.8
0.6
100.0
78.6
35.7
10.7
0.8
y m
Table 27 (Continued)
Date/
Time
08/20/74
0800 hrs.
Dissolved Specific Hydrogen Ion Light
Depth Temperature Oxygen Conductance Concentration Transmittance
in Meters °C mg/l ymho/cm pH %
Surface 25.2 8.5
1 25.4 8.4
3 25.4 8.2
5 25.5 8.1
10 25.0 6.6
110 8.2
110 8.2
110 8.1
110 8.1
110 7.7
15 21.9 2.6 1000 7.0
20 19.7 3.8 1000 7.1
09/10/74
0920 hrs.
25 !8.0 2.9
30 17.5 3.1
35 15.4 4.2
Surface 25.0 8.0
1
3
5 25.0 7.7
10 25.0 7.5
12 3.5
13 3,0
14 |.5
110 7.0
NO 7.0
100 7.1
100 9.1 100.0
33.3
10.3
100 9.0 4.7
100 8.5 0.3
15 22.5 0.6 1200 7.6
16 1.6
17 2.1
18 2.3
19 2.9
20 19.0 3.5 1000 7.8
25 18.0 3.2 !000 7.8
30 17.0 2.9 1000 7.8
35 16.0 3.3 1000 7.8
40 15.0 3.9 1000 7.9
o
o
Table 27 (Continued)
Date/ Depth
Time in Meters
SO/08/74 Surface
0930 hrs. 1
3
5
10
15
17
18
19
20
25
30
35
40
! 1/05/74 Surface
1145 hrs. I
3
5
10
15
20
25
27
28
29
30
Temperature
°C
22.0
22.5
22.5
19.5
18.0
17.0
16.5
15.0
18.5
18.0
18.0
18.0
18.0
18.0
18.0
18.0
15.5
Dissolved
Oxygen
mg/|
8.7
8.4
8.0
2.9
1.5
I.I
1.3
2.5
2.3
2.4
3.0
7.8
7.8
7.6
7.5
7.3
7.2
7.2
7.2
6.6
2.9
2.8
2.5
Specific
Conductance
pmho/cm
1100
1100
1100
MOO
1000
1000
1000
1000
1200
1200
1200
1200
1200
1200
1200
1200
1150
Hydrogen Ion
Concentration
pH
8.7
8.6
8.6
7.7
7.8
7.8
7.8
7.8
8.2
8.2
8.2
8.2
8.1
8.1
8.1
8.1
7.5
Light
Transmlttance
%
100.0
40.0
12.0
5.3
0.8
100.0
41.6
17.5
8.3
1.2
Table 27 (Continued)
Date/
Time
1 1/05/74
(Cont. )
Dissolved
Depth Temperature Oxygen
In Meters °C mq/l
31
33
2.3
2.1
35 16.5 2.3
40 15.5 2.3
12/10/74
1220 hrs.
Surface 15.0 8.8
1 15.0 8.8
3 14.5 8.4
5 15.0 8.2
10 15.0 8.2
15 14.5 8.0
20 14.5 8.0
01/16/75
1100 hrs.
Specific
Conductance
vmho/cm
1150
JI50
1150
1150
1150
1150
1200
1200
1200
Surface 12.0 9.0
1 12.0 9.2
3
5
10
15
20
25
30
35
.9 9.2
.8 9.2
.6 9.0
.6 9.0
.6 9.0
.5 8.9
.5 8.9
.5 8.8
Hydrogen Ion
Concentration
PH
7.
7.
8.
8.
8.
8.
8.
8.
8.
8.
8.
8.
8.
8.
8.
8.
8.
8.
8.
5
5
3
2
2
2
2
2
2
2
2
2
2
2
2
1
I
1
1
Light
Transmlttance
100.0
30.0
10.0
5.0
1.0
o
NS
Table 28 Temperature, Dissolved Oxygen, Specific Conductance, Hydrogen Ion Concentration and
Light Transmlttance, April 1974 Through January 1975, Station 5, Intake Tower.
Date/
Time
04/22/74
1400 hrs.
06/19/74
0830 hrs.
08/06/74
0730 hrs.
Depth
In Meters
Surface
5
10
15
20
25
30
35
40
Surface
1
3
5
10
15
20
25
30
Surface
1
3
5
10
15
Temperature
°C
16.0
15.5
15.5
14.5
14.0
14.0
11.5
11.5
II. 0
24.5
24.5
24.5
24.0
22.0
20.5
17.5
16.0
15.0
26.5
26.5
26.5
26.5
26.0
21.5
Dissolved
Oxygen
mg/l
10.3
10.3
10.3
10. 1
9.3
8.9
8.2
8.3
8.2
(0.9
10.8
10.8
10.8
9.7
7.6
6.8
6.5
7.0
9.1
8.8
8.7
8.4
7.2
3.3
Specific
Conductance
y mho/cm
1000
100
100
100
100
100
100
100
100
1050
1050
1050
1050
IC50
1050
1050
1050
1050
100
100
100
100
100
100
Hydrogen Ion
Concentration
PH
7.9
7.9
7.9
7.9
7.8
7.7
7.5
7.5
7.5
8.4
8.4
8.4
8.4
8.3
8.1
8.1
8.0
8.0
8.9
8.9
8.8
8.8
8.7
7.8
Light
Transmlttance
%
100.0
40.5
16.5
7.0
0.8
100.0
40.0
6.2
1.8
Table 28 (Continued)
Date/
Time
08/06/74
(Cont.)
08/06/74
0730 hrs.
09/17/74
1100 hrs.
Depth
fn Meters
20
25
30
35
Surface
1
3
5
10
15
20
25
30
35
Surface
1
3
5
10
15
20
Temperature
°C
19.5
18.0
16.5
15.0
26.5
26.5
26.5
26.5
26.0
21.5
19.5
18.0
16.5
!5.0
26.5
26.5
25.5
25.5
25.0
23.0
20.0
Dissolved Specific
Oxygen Conductance
mg/ 1 pmho/cm
3.2
3.2
3.6
4.4
9.1
8.8
8.7
8.4
7.2
3.3
3.2
3.2
3.6
4.4
8.3
8.3
100
100
100
100
100
100
100
100
100
100
100
100
100
JOO
100
too
8.6 1050
7.9 1050
7.5 1050
0.6 1050
2.4 !000
Hydrogen Ion
Concentration
PH
7.6
7.6
7.7
8.0
8.9
8.9
8.8
8.8
8.7
7.8
7.6
7.6
7.7
8.0
9.1
9.1
8.7
8.7
8.6
7.5
7.7
Light
Transmittance
%
iOO.O
40.0
6.2
1.8
100.0
45.5
19.1
5.5
0.2
ft*
Table 28 (Continued)
Date/
Time
10/27/74
0310 hrs.
12/03/74
!2!5 hrs.
Depth
In Meters
Surface
1
3
5
10
!5
20
21
22
23
24
26
28
30
35
40
Surface
1
3
5
10
15
20
Temperature
°C
20.5
21.0
21.0
21.0
21.0
17.5
16.5
15.5
15.5
15.5
15.5
15.5
15.5
15.5
15.5
Dissolved
Oxygen
mg/l
8.1
7.9
7,8
7.3
6.9
4.5
2.2
2.3
2.0
2.0
2.2
2.2
2.3
2.7
7.8
7.8
7.9
7.9
7.5
7.3
7.3
Specific
Conductance
V mho/cm
1100
1100
1100
1100
MOO
MOO
MOO
1100
1100
1100
1100
1100
1100
1100
MOO
Hydrogen Ion
Concentration
PH
8.6
8.6
8.6
8.6
8.5
8.0
8.0
8.0
8.4
8.4
8.4
8.4
8.3
8.3
8.3
Light
Transmlttance
%
100.0
10.5
3.3
1.2
Table 28 (Continued)
Date/
Time
12/09/74
U30 hrs.
01/16/75
1020 hrs.
Depth Temperature
1 n Meters °C
Surface 14.0
1 14.0
3 14.0
5 14.0
SO 14.0
15 14.0
20 14.0
25 14.0
30 14.0
35 14.0
40 14.0
Surface .5
1 .5
3 .5
5 .5
10 .5
15 .5
20 -.5
25 .5
30 .5
35 .5
Dissolved Specific
Oxygen Conductance
mg/ 1 umho/an
9.3 100
9.1 100
9.1 100
9.0 100
8.8 100
8.8 100
8.7 100
8.7 100
8.7 100
8.4 100
8.2 100
9.3
9.2
9.2
9.2
9.2
9.2
9.2
9.0
9.0
8.9
Hydrogen Ion Light
Concentration Transmfttance
pH %
8.
8.
8.
8.
8.
8.
8.
8.
8.
8.
8.
100.0
31.0
14.7
6.8
1.0
8. 100.0
8.2 32.0
8.1 14.0
8.2 9.5
8.2 2.2
8.2
8.2
8.1
8.1
8.1
Table 29. Temperature, Dissolved Oxygen, Specific Conductance, Hydrogen Ion Concentration and
Light Transmlttance, April 1974 Through January 1975, Station 6, Sentinel Island.
Date/
Time
05/23/74
05/31/74
0715 hrs.
06/21/74
0730 hrs.
07/17/74
0830 hrs.
Depth
In Meters
(No Data
Surface
1
3
5
10
15
20
Surface
1
3
5
10
15
20
25
30
35
Surface
1
3
5
10
20
Temperature
°C
This Date.)
20.5
20.5
20.5
20.0
18.5
17.5
17.0
25.0
24.5
24.5
24.5
22.5
20.5
17.5
16.5
15.0
13.5
26.0
25.0
25.5
25.0
22.0
19.0
Dissolved
Oxygen
mg/l
10.2
9.9
9.8
9.6
8.7
8.4
8.1
11.3
11.2
11.2
11.6
10.8
8.2
7.1
7.1
7.3
7.9
Specific
Conductance
W mho/cm
1100
1100
1 100
1100
1100
noo
1100
1100
MOO
1100
noo
MOO
MOO
MOO
MOO
MOO
MOO
Hydrogen Ion
Concentration
pH
8.1
8.1
8.1
8.1
8.0
7.9
7.9
8.4
8.4
8.4
8.4
8.4
8.2
8.1
8.0
8.0
8.0
9.2
9.1
8.6
8.4
8.2
7.9
Light
Transmfttance
%
100.0
34.7
16.8
7.6
0.8
100.0
81.4
34.3
5.5
0.3
Table 29 (Continued)
Date/
Time
08/20/74
0715 hrs.
09/29/74
0930 hrs.
10/15/74
1100 hrs.
Depth
In Meters
Surface
1
3
5
10
15
20
25
30
35
Surface
1
3
5
10
15
20
Surface
1
3
5
10
15
20
25
Temperature
°C
25.0
25.3
25.5
25.5
25.5
22.0
19.5
18.4
17.0
15.5
23.0
23.0
23.0
23.0
23.0
23.0
22.5
22.0
22.0
22.0
22.0
22.0
18.5
18.0
Dissolved
Oxygen
mg/l
8.7
8.5
8.4
8.4
8.1
3.4
2.8
3.0
3.4
4.1
7.1
6.9
6.9
6.9
6.7
6.0
3.4
7.8
7.8
7.5
7.4
7.2
1.5
3.0
Specific
Conductance
vmho/cm
1110
1110
1110
1 1 1 0
1 1 1 0
1090
1100
1100
1100
1100
MOO
MOO
MOO
MOO
MOO
MOO
MOO
MOO
MOO
MOO
MOO
MOO
MOO
1000
Hydrogen Ion
Concentration
PH
7.9
7.9
7.9
7.9
7.8
7.0
6.9
7.0
7.0
7.1
8.6
8.6
8.6
8.6
8.5
8.5
8.4
9.0
9.0
9.0
8.6
8.6
7.8
7.9
Light
Transmlttance
%
100.0
35.5
13.6
5.4
0.6
100.0
30.8
14.6
5.4
0.6
o
GO
Table 29 (Continued)
Date/
Time
11/19/74
1210 hrs.
01/14/75
1030 hrs.
Depth
In Meters
Surface
1
3
5
10
15
20
Surface
1
3
5
10
15
20
25
30
35
Temperature
°C
17.5
17.5
17.5
17.0
17.0
16.5
12.0
12.0
12.0
12.0
12.0
11.5
11.5
11.5
11.5
11.5
Dissolved Specific Hydrogen Ion Light
Oxygen Conductance Concentration Transmlttance
mg/l pmho/cm pH %
-
8.8
8.8
8.8
8.8
8.8
8.8
8.8
8.8
8.7
8.7
8.0 100.0
8.0 46.6
8.0 23.3
7.9 13.3
7.9 2.3
0.5
7.8
8. 100.0
8.
8.
8.
8.
8.
8.
8.
8.
8.
38.0
16.3
10.0
1.9
0.6
.
o
f-« issfts,- »-I«y _<~ ••^Siij&r&'fV
Table 30. Temperature, Dissolved Oxygen, Specific Conductance, Hydrogen Ion Concentration and
Light Transmlttance, April 1974 Through January 1975, Station 7, Black Canyon.
Date/
Time
04/29/74
1230 hrs.
08/06/74
0830 hrs.
09/17/74
1200 hrs.
Depth
In Meters
(No Data
Surface
1
3
5
!0
13
20
25
30
35
Surface
1
3
5
10
12
13
14
15
16
17
18
19
20
Temperature
°C
Available This
26.0
26.0
26.0
26.0
25.5
22.5
19.0
17.5
16.5
15.0
25.0
26.0
25.0
25.0
25.0
24.0
23.5
Dissolved
Oxygen
mg/l
Date. )
8.5
8.3
8.2
8.2
7.7
3.4
3.1
3.5
4.1
4.8
8.4
8.0
8.0
7.8
7.0
6.3
5.2
2.2
0.8
0.6
0.9
1.3
1.7
2.2
Specific
Conductance
umho/cm
1100
1100
1100
1100
1100
1100
1100
1100
1100
noo
1100
noo
MOO
MOO
MOO
MOO
1100
Hydrogen Ion
Concentration
PH
8.8
8.8
8.8
8.8
8.7
7.9
7.8
7.7
7.7
8.0
8.9
8.9
8.8
8.7
8.6
7.7
7.6
Light
Transmlttance
100.0
43.7
10.0
3.4
0.9
Table 30 (Continued)
Date/
Time
10/30/74
1015 hrs.
12/03/74
1145 hrs.
Depth
In Meters
Surface
J
3
5
10
15
20
25
30
35
40
Surface
I
3
5
10
15
20
Temperature
°C
19.5
19.5
19.5
19.5
19.5
18.5
17.5
17.0
15.5
16.0
15.5
15.5
15.5
15.5
15.5
15.5
Dissolved
Oxygen
mg/l
7.8
7.4
7.0
7.0
6.8
2.2
2.3
2.7
2.4
7.3
7.6
7.1
7.1
6.6
6.4
6.3
Specific
Conductance
ymho/cm
1100
1100
MOO
1100
1100
1100
MOO
MOO
MOO
1100
MOO
MOO
MOO
MOO
MOO
MOO
Hydrogen Ion
Concentration
PH
8.7
8.6
8.5
8.5
8.5
7.8
7.8
7.8
7.8
8.4
8.4
8.4
8.4
8.3
8.3
8.2
Light
Transmlttance
%
100.0
32.0
8.5
4.1
0.5
ifffff-tronsmrttance^ April 1974Through January 1975, Station 8, Beacon Island.
Date/
Time
05/31/74
0815 hrs.
06/21/74
0915 hrs.
Depth
fn Meters
Surface
1
3
5
10
15
20
25
30
35
40
Surface
1
3
5
10
15
20
25
30
35
40
Temperature
°C
22.0
22.0
22.0
22.0
!8.5
17.5
17.5
15.0
14.5
13.5
13.0
25.0
25.0
25.0
24.5
22.0
20.0
18.5
16.5
15.0
14.5
13.0
Dissolved
Oxygen
mg/l
9.8
9.7
9.6
9.6
8.6
8.4
8.2
7.8
7.8
8.0
8.1
tl.O
10.9
10.9
11.5
9.9
8.7
7.5
7.0
6.9
7.3
7.9
Specific
Conductance
ymho/cm
1100
1100
1100
!100
1100
1100
MOO
1050
MOO
MOO
MOO
1050
1050
1050
1050
1000
1000
!000
1000
1000
1000
1000
Hydrogen Ion
Concentration
PH
8.0
8.0
8.0
8.0
7.9
7.9
7.9
7.7
7.7
7.7
7.7
8.4
8.4
8.4
8.3
8.3
8.2
8.1
8.0
8.0
8.0
8.0
Ught
Transmlttance
%
100.0
46.7
22.2
9.6
2.2
Table 31 (Continued)
Date/
Time
08/27/74
0800 hrs.
Dissolved Specific Hydrogon Ion Light
Depth Temperature Oxygen Conductance Concentration Transmittance
In Meters °C mg/l vmho/cm pH %
Surface 26.5 9.5 1
1 27.0 9.4 1
3 27.0 9.2 I
5 27.0 11.0 1
10 25.5 7.5 1
15 22.5 5.8 1
100 7.8
100 7.8
1100 7.8
100 7.8
100 7.7
100 7.2
20 20.0 5.5 1000 7.2
25 18.0 5.5 1000 7.2
30 17.0 4.3 1000 7.0
35 16.0 4.0 1000 7,0
40 14.5 4.9 1000 7.1
10/01/74
1130 hrs.
10/15/74
1200 hrs.
Surface 24.5 7.7 1
1 24.5 7.2 1
3 24.0 7.7 1
5 24.0 7.4 1
10 24.0 7.0 1
15 22.5 4.9 1
20 19.0 4.5
Surface 22.5 7.8 1
1 22.5 7.8 1
3 22.0 7.2 1
5 22.0 7.3 1
10 22.0 7.2 1
15 22.0 7.1 1
MOO 8.9 100.0
1 100 9.1 46.6
100 9.0 22.0
100 9.0 8.7
100 8.5 1.4
1100 8.!
950 7.9
!IOO 8.6 100.0
100 8.6 40.7
100 8.6 21.4
!!00 8.6 8.6
fIOO 8.6 1.5
100 8.5
20 19.5 4.1 $000 7.9
25 S8.0 4.8 1000 8.0
Table 31 (Continued)
Date/
Time
11/19/74
1200 hrs.
Dissolved
Depth Temperature Oxygen
In Meters °C mg/l
Surface 17.5 7.7
5 18.0 7.3
10 18.0 7.2
15 18.0 7.1
20 18.0 7.0
25 18.0 6.5
30 17.5 3.3
35 16.5 3.7
40 15.5 3.9
01/14/75
1145 hrs.
Specific
Conductance
ymho/cm
1100
MOO
MOO
1100
tioo
1100
MOO
MOO
MOO
Surface 12.0 8.7
1 12,0 8.7
3 12.0 8.6
5
10
15
20
25
30
35
40
.5 8.5
.5 8.5
.5 8.5
.5 8.4
,5 8.4
.5 8.4
.5 8.4
.5 8.3
Hydrogen Ion Light
Concentration Transmlttance
pH %
8.
8.
8.
8.
8.
8.0
7.5
7.6
7.6
8. 100.0
8. 38.0
8. 20.0
8. 13.0
8. 3.0
8. 1.0
8.
8.
8.
8.1
S.I
IS
at Station 2. The numerical total, though expressed as cell/ml.
Includes colonies of Fragllarla, Anabaena, and OocystIs. The
production curve observed for the period April through June 1974,
correlates with counts recorded during that time. Numbers
then Increased In late July. This was followed by a stable
period when numbers fluctuated between 2,668 and 6,634 cells/ml
Into late September. An Increase to 14,004 cells/ml occurred
in early October followed by a drop to 7,751 cells/ml In late
October. An increase In cell numbers to 10,942 In mid-November
and to 17,469 in late November was followed by a drastic drop
In cell numbers through December 1974 and January 1975. The
maximum numbers of cells/ml at Station 2 occurred In late
November.
Figure II Indicates that primary production at Station 2
peaked In late August when water temperatures were beginning
to cool slightly. The primary production rate, unlike the
numbers of cells/ml gradually declined to mesotrophlc levels
by December.
Succession at this station resulted in a shift of the
dominant organism In late May from the diatom AsterIone I la
*° Glenodlnlum, a dlnofI age I late which made up 14% of the total
population. Glenodlnlum was replaced by a large population of
Cyclotejla which constituted 79$ of the total population observed
In the surface waters on 07/12/74. Cyclotella populations
Increased to 13,940 cells/ml on 07/29/74 at which time Cyctotella
1
H6
comprised 95$ of all observed species. By the 13th of August,
CycIote11 a populations were reduced and Anabaena, a blue-
green algae, began to Increase. By mid and late September,
Cyclotella and Anabaena dominated the phytoplankton population.
CycIote11 a alone dominated by mid-October and continued Its
dominance through January 1975. Total numbers decreased
markedly in December and January.
Phytoplankton numbers In the surface waters at Station 3
are slightly less than those at Station 2 (Figure 12).
Asterlonella was dominant In late June and was replaced by
Cyclotella In mid-July. CyclotelI a made up 91 % of the total
numbers during the peak In late July. Cyclotella then declined
an<* Anabaena and Cyclotel la made up almost the total phyto-
plankton population by late September. A slight Increase In
a population of Synedra, a diatom, occurred In mid-August but
decreased to Insignificant levels by late August. The
Cyclotella population then totally dominated the surface waters,
peaking again in late November and dropping drastically into
late January 1975.
Primary productivity at Station 4 Increased less drama-
tically than was the case at Stations 2 and 3. Peak growth
occurred In August and September (Figure 13). Similarly, the
phytoplankton cell numbers started to increase in late June
and attained a plateau In early August and late September.
Prior to the beginning of the growth period. AsterIone I la was
a dominant though small portion of an even smaller total
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population comprising the surface water phytoplankters. Other
phytoplankton present In Insignificant quantities were
SphaerocystIs, Oocystls, DInobryon, Cosmarlum, CeratI urn and
Synedra. A small Cyclotella bloom In mid-July was replaced by
a population of Navlcula In mid-August which was succeeded by
Anabaena. In mid-October, CycIoteIla again became dominant
and continued to Increase through November. Numbers then
declined markedly to January 1975.
Peak assimilation rates at Station 5 occurred In October
1974 (Figure 14). The production curve appeared to peak In
early August at 893 mgC/m^/day but was then followed by a high
of 1120.1 mgC/m^/day In late October. This production value
Is puzzling because al l Boulder Basin stations had been on
a downward trend In assimilation rates since mid-September or
earlier. A comparison of the phytoplankton numbers with the
primary production value for the identical period also does
not correlate. Phytoplankton numbers at Station 5 were no
higher than those observed at Stations 4, 6, 7 or 8. In some
cases, the total numbers at Station 4 were less than those
observed at all the outer stations.
Anabaena predominated throughout October, making up
50% of the total surface population. Other phytoplankton
observed In lesser quantities were NavIcula and CycIote11 a.
In late October, CycIoteI la numbers Increased to make up
almost half of the population. In November, CycIoteIIa
100,000 Apr May Jun Jul
10.000
1000
100
1974 , 1975
Aua SOD Oct Nov Per Jan Feb
—• Primary Productivity
(mgC/mVday)
—• Phytop1ankton Ce11
Numbers (cells/ml)
Figure II. Comparison of Primary Productivity Expressed as
mgC/mVday and Cell Numbers (CQ! Is/ml) In the Surface
Waters of Boulder Basin, Lake Mead, April 1974 Through
January 1975, Station 2, Las Vegas Wash Inlet.
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Auq Sep_ Oct Noy Dec
1975
Jan Feb
10.000
I IQOO
rr
100
-e Primary Productivity
(mgC/mVday)
-«Phytoplankton Cell
Numbers (cells/ml)
Figure 12. Comparison of Primary Productivity Expressed as
; mgC/mVday and Cell Numbers (cells/ml) In the Surface
Waters of Bouldor Basin, Lake Mead, April 1974 Through
January 1975, Station 3, Sand Island.
120
1974
Apr May Jun J u l AUQ Sep Oct Nov Dec
1975
Jan Feb
10.000
1000
100
-•Primary Productivity
(mgC/mVday)
-» Phytoplankton Coll
Numbers (cells/ml)
Figure 13. Comparison of Primary Productivity Expressed as
; mgCAi\3/day and Cell Numbers (cells/ml) In the Surface
Waters of Boulder Basin, Lake Mead, April 1974 Through
January 1975, Station 4, Las Vegas Bay Mouth.
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Figure 14. Comparison of Primary Productivity Expressed as
mgC/mVday and Cell Numbers (cells/ml) In the Surface
Waters of Boulder Basin, Lake Mead, April 1974 Through
January 1975, Station 5, Intake Tower.
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Figure 15. Comparison of Primary Productivity Expressed as
; mgC/m-Yday and Cell Numbers (cells/ml) In the Surface
Waters of Boulder Basin, Lake Mead, April 1974 Throuoh
January 1975, Station 6, Sentinel Island.
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Figure 16, Comparison of Primary Productivity Expressed as
rogC/fflVday and Cell Numbers (eel is/ml) In the Surface
Waters of Boulder Bssln, Lake Mead, April 1974 Through
January 1975, Station 7, Black Canyon.
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Figure 17. Comparison of Primary Productivity Expressed as
; mgC/mVday and Cell Numbers (cells/ml) In the Surface
Waters of Boulder Basin, Lake Mead, April 1974 Through
January 1975, Station 8, Beacon Island.
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totally dominated the surface waters and remained dominant
through January 1975.
At Stations 6, 7 and 8, the trend of phytoplankton
numbers was one of population depression In the early spring
followed by Increases In numbers In June, July and August.
This was followed by a growth period and phytoplankton succession
which resulted In CycIoteI la tota 11y dominating the natural
populations. A rapid drop In numbers was noted In November
1974. Perhaps the decline Is related to the declining water
temperatures during this period (Figures 15, 16 and 17).
Chlorophyll-a
Phytoplankton pigments have been used by other Investigators
In determining total blomass as well as estimating rates of
photosynthesis (Vollenweider, 1969). Chlorophyll determinations
are usually done by an acetone extraction of filtered samples.
Deacon and Tew (1973) describe the technique for chlorophyll
analysis used In their study of Lake Mead.
A comparison of Chlorophyll-a and rates of primary produc-
tivity is presented for Stations 2 through 8 In Tables 32
through 38.
The Chlorophyll-a values listed for Station 2 (Table 32)
aro considerably higher than values recorded for other stations.
Stations 3 and 4 appear to have higher chlorophyll values than
the outer stations. In addition, the highest values of
Chlorophyll-a at Station 2 usually occur In the surface samples.
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It Is apparent that the highest values for chlorophylI-a do not
occur on or near the dates of highest rates of primary producti-
vity at Station 2. Generally, chlorophyll-a values at the
surface do not correlate well with productivity values espe-
cially during the peak growing periods when assimilation values
were high. A decrease of chlorophyll-a values with depths
of 5 and 8 to 10 meters correlates with the decrease In primary
production. The most productive depth as determined by the '*C
method occurred at I meter at Station 2. Data on chlorophyll-a
at this depth was not collected. Future studies on phyto-
plankton pigments should concentrate on correlations of
chlorophyll concentrations with rates of primary production In
a depth profile on a single day.
A general correlation appears to exist between chlorophyll-a
and phytoplankton numbers but did not correlate well using a
program for coefficient of correlation. Coefficient of
correlation values for primary productivity and phytoplankton
numbers also did not show any significant correlation.
The dominance of Cyclotella, a diatom, during the period
of maximum numbers In September and October did not Influence
the total analyzed Carotenold values. Creltz and Richards
(1955) suggest that the carotenold values are Important
considerations when a peak is dominated by diatoms and
chrysophytes.
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Table 32. Comparison of Primary Productivity (mgC/m'/day) and
Chlorophyll a (mg/m^) Corrected for Phaeophytin In the
Vertical Euphotlc Zone, April 1974 Through January 1975,
Station 2, Las Vegas Wash Inlet.
Date
04/22/74
05/25/74
06/15/74
07/13/74
07/30/74
08/15/74
08/22/74
09/10/74
10/08/74
11/05/74
Depth
(Meter)
Surface
5
8
Surface
5
8
Surface
5
8
Surface
5
8
Surface
5
8
Surface
5
10
Surface
5
10
Surface
5
10
Surface
5
10
Surface
5
10
PPfi
(mgC/m /day)
55.2
16.9
1.3
497.0
36.9
2.2
162.0
22.2
0.4
215.5
35.6
I.I
444.8
36.2
0.0
662.1
17.1
4.4
630.3
33.5
1.2
373.7
24.7
I.I
145.7
28.7
2.4
56.8
10.9
0.6
Date
04/23/74
05/25/74
06/09/74
07/12/74
07/26/74
08/14/74
08/29/74
09/13/74
10/11/74
H/15/74
Depth
(Meter)
Surface
5
8
Surface
5
8
Surface
5
8
Surface
5
8
Surface
5
8
Surface
5
10
Surface
5
10
Surface
5
10
Surface
5
10
Surface
5
10
Ch 1 orophv 1 1 a
(rdg/m^)
27.0
19.0
6.0
13.0
6.0
6.0
8.0
II. 0
7.0
12.0
10.0
7.0
16.0
7.0
4.0
12.0
12.0
7.0
19.0
17.0
9.0
26.0
6.0
7.0
14.0
10.0
8.0
16.0
12.0
6.0
0*0
fr'CI
ro
KOI
01
S
01
ti/OI/31
e l
94.CQ 94-CQ
Table 33. Comparison of Primary Productivity (mgC/m'/day) and
Chlorophyll a (mg/m^ ) Corrected for Phaeophytln In the
Vertical Euphottc Zone, April 1974 Through January 1975,
Station 3, Sand island.
Date
04/04/74
04/26/74
05/25/74
06/15/74
07/13/74
07/30/74
08/15/74
OB/22/74
Depth
(Meter)
Surface
5
10
20
Surface
5
10
20
Surface
5
10
20
Surface
5
10
20
Surface
5
10
20
Surface
5
10
20
Surface
5
10
20
Surface
5
10
20
PPR
(mgC/m3/day)
4.0
23.3
10.0
1.2
104.0
3.5
O.I
24.7
79.5
8.1
0.3
29.6
43.4
13.6
0.7
70.0
39.8
2.1
O.I
146.6
60.3
3.0
0.0
144.9
45.4
3.0
0.5
245.0
, 43.6
1.6
0.0
Date
04/23/74
05/24/74
06/09/74
07/12/74
07/26/74
08/14/74
08/29/74
Depth
(Meter)
Surface
5
10
20
Surface
5
10
20
Surface
5
10
20
Surface
5
10
20
Surface
5
10
20
Surface
5
10
20
Surface
5
10
20
Chlorophyll a
(mg/m*)
7.0
8.0
5.0
0.0
5.0
12.0
10.0
8.0
3.0
7.0
4.0
2.0
6.0
7.0
3.0
3.0
5.0
7.0
4.1
1.0
12.0
12.0
4.0
1.0
13.0
II. 0
II. 0
1.0
'•I"
: ; I
Table 33 (Continued)
Date
09/10/74
10/08/74
11/05/74
12/10/74
01/07/75
Depth
(Meter)
Surface
5
10
20
Surface
5
10
20
Surface
5
10
20
Surface
5
10
20
Surface
5
10
20
PPR Depth Chlorophyll a
(mgC/m3/day) Date (Meter) (mg/m*)
96.3
64.1
0.4
0.0
73.1
49.2
M.5
I.I
60.4
12.9
1.4
I.I
11.5
9.4
1.7
O.I
2.0
16.3
3.5
0.0
09/13/74 ' Surface
5
10
20
10/11/74 Surface
5
10
20
11/15/74 Surface
5
to
20
11/26/74 Surface
5
10
20
9.0
3.0
1.0
0.0
9.0
8.0
2.0
4.0
4.0
4.0
3.0
7.0
7.0
5.0
5.0
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Table 34. Comparison of Primary Productivity (mgC/m-Vday) and
Chlorophyll a (mg/m^ ) Corrected for Phaeophytln In the
Vertical Euphottc Zone, April 1974 Through January 1975,
Station 4, Las Vegas Bay Mouth.
Date
04/26/74
05/25/74
06/15/74
07/13/74
07/30/74
08/20/74
09/10/74
10/08/74
Depth
(Meter)
Surface
5
10
20
Surface
5
10
20
Surface
5
10
20
Surface
5
10
20
Surface
5
10
20
Surface
5
10
20
Surface
5
10
20
Surface
5
10
20
PPR Depth Chlorophyll a
(mgC/m3/day) Date (Meter) (mg/m-5)
3.5
13.0
0.5
1.9
44.6
19.3
1.3
22.5
54.3
5.5
0.5
27.0
59.0
10.2
0.3
25.5
59.2
12.8
0.4
54.5
91.1
8.1
O.I
44.3
104.6
6.1
0.4
32.2
63.7
43.2
I.I
04/23/74 Surface
5
10
20
05/24/74 Surface
5
10
20
06/09/74 Surface
5
10
20
07/12/74 Surface
5
10
20
07/26/74 Surface
5
10
20
08/14/74 Surface
5
10
20
09/13/74 Surface
5
10
20
10/11/74 Surface
5
10
20
5.0
2.0
2.0
0.0
3.0
4.0
4.0
2.0
4.0
5.0
4.0
2.0
3.0
3.0
4.0
1.0
5.0
7.0
4.0
1.0
6.0
8.0
3.0
0.0
6.0
0.0
5.0
1.0
8.0
6.0
6.0
1.0
Table 34 (Continued)
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Dote
li/05/74
12/10/74
01/16/75
Depth
(Meter)
PPR
(mgC/mVday)
Depth Chlorophyll
Date (Meter) (mg/m^)
Surface
5
10
20
Surface
5
10
20
Surface
5
10
20
49.0
53.9
9.5
4.5
17.6
20.5
4.5
0.2
0.9
16.3
5.6
0.0
M/15/74
11/26/74
Surface
5
10
20
Surface
5
10
20
3.0
3.0
3.0
3.0
4.0
4.0
5.0
5.0
i
1:53
Table 35. Comparison of Primary Productivity (mgC/mVday) and
Chlorophyll a (mg/m^) Corrected for Phaeophytln In the
Vertical Euphotlc Zone, April 1974 Through January 1975,
Station 5, Intake Tower.
Date
04/29/74
06/20/74
08/06/74
09/17/74
10/27/74
1 1/30/74
Depth
(Meter)
Surface
5
10
20
Surface
5
10
20
Surface
5
10
20
Surface
5
to
20
Surface
5
10
20
Surface
5
10
20
PPR
(mgC/m3/day)
1.4
34.5
22.9
1.3
23.0
34.0
22.3
I.I
•
79.5
90.5
8.2
0.2
20.0
100.7
it. 2
0.0
116.4
84.6
53.7
31.1
36.3
16.3
2.0
0.4
Date
04/23/74
05/23/74
06/24/74
07/12/74
08/14/74
09/13/74
10/25/74
11/25/74
Depth
(Meter)
Surface
5
10
20
Surface
5
10
20
Surface
5
10
20
Surface
5
10
20
Surface
5
10
20
Surface
5
to
20
Surface
5
10
20
Surface
5
10
20
Chlorophyll a
(mg/'m*)
4.0
3.0
4.0
1.0
2.0
3.0
4.0
3.0
1.0
1.0
4.0
2.0
3.0
3.0
2.0
2.0
5.0
5.0
5.0
1.0
5.0
6.0
6.0
0.0
7.0
6.0
7.0
4.0
4.0
4.0
4.0
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Table 35 (Continued)
Date
Depth
(Meter)
PPR
(mgC/mVday
Depth Chlorophyll a
Date (Meter) mg/m3)
12/19/74
01/16/75
Surface
5
10
20
Surface
5
10
20
13.7
24.5
3.4
0.0
8.1
20.1
5.6
0.0
Table 36. Comparison of Primary Productivity (mgC/mVday) and
Chlorophyll a (mg/m^ ) Corrected for Phaeophytln In the
Vertical Euphotlc Zone, April 1974 Through January 1975,
Station 6, Sentinel Island.
Date
05/31/74
06/21/74
07/17/74
08/20/74
09/29/74
10/15/74
11/19/74
01/14/75
Depth
(Meter)
Surface
5
10
20
Surface
5
10
20
Surface
5
10
20
Surface
5
10
20
Surface
5
to
20
Surface
5
10
20
Surface
5
10
20
Surface
5
10
20
PPR Depth Chlorophyll a
(mgC/mVday) Date (Meter) (mg/m*)
16.8
.30.5
12.0
1.3
33.7
57.8
33.4
0.6
20.5
32.1
9.5
0.3
38.1
42.0
5.0
0.4
23.0
24.8
3.3
0.2
14.6
19.5
14.5
1.0
33.8
32.3
5.0
0.0
1.9
t l . l
V4.7
0.4
05/23/74 Surface
5
10
20
06/12/74 Surface
5
10
20
07/17/74 Surface
5
10
20
08/15/74 Surface
5
10
20
09/26/74 Surface
5
10
20
10/15/74 Surface
5
10
20
11/14/74 Surface
5
10
20
0.0
2.0
2.0
4.0
2.0
3.0
4.0
2.0
2.0
4.0
2.0
3.0
7.0
7.0
7.0
3.0
1.0
2.0
3.0
0.0
5.0
5.0
4.0
1.0
2.0
3.0
3.0
4.0
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Table 37. Comparison of Primary Productivity (mgC/nvVday) and
Chlorophyll a (mg/m3) Corrected for Phaeophytln In the
Vertical Euphotlc Zone, April 1974 Through November 1974,
Station 7, Black Canyon.
Date
04/29/74
06/20/74
08/06/74
09/17/74
10/27/74
11/30/74
Depth
(Meter)
Surface
5
10
20
Surface
5
10
20
Surface
5
10
20
Surface
5
10
20
Surface
5
10
20
Surface
5
10
20
PPR
(mgC/m3/day)
3.2
31.3
If. 4
3.9
«
*
*
«
29.1
110. 0
16.4
0.3
25.8
71.2
14.7
0.5
26.9
33.4
29.1
3.5
27.8
7.1
1.6
0.7
Date
05/23/74
06/12/74
07/17/74
08/28/74
09/12/74
10/11/74
11/25/74
Depth
(Meter)
Surface
5
10
20
Surface
5
10
20
Surface
5
10
20
Surface
5
10
20
Surface
5
10
20
Surface
5
10
20
Surface
5
10
20
Chlorophyll a
(mg/m3)
4.0
3.0
2.0
4.0
9.0
4.0
0.0
3.0
3.0
5.0
4.0
3.0
6.0
6.0
4.0
0.0
3.0
3.0
4.0
4.0
4.0
4.0
3.0
1.0
5.0
5.0
3.0
3.0
* Error In spike solution (crystallized).
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Table 38. Comparison of Primary Productivity (mgC/m'/day) and
Chlorophyll a (mg/m^ ) Corrected for Phaeophytln In the
Vertical Euphotlc Zone, April 1974 Through January 1975,
Station 8, Beacon Island.
Date
05/31/74
06/21/74
08/27/74
09/29/74
10/15/74
M/J9/74
01/14/75
Depth
(Mater)
Surface
5
10
20
Surface
5
10
20
Surface
5
10
20
Surface
5
10
20
Surface
5
10
20
Surface
5
10
20
Surface
5
10
20
PPR
(mgC/mVday)
10. 1
15.4
15.7
1.6
6.9
29.3
10.0
1.4
20.6
62.7
22.1
0,4
8.9
22.5
4.8
0.0
6.5
27.9
4.0
O.I
18,5
14.3
3.0
0.0
0.2
7.9
6.1
0.6
Depth
Date (Meter)
05/31/74 Surface
5
10
20
06/26/74 Surface
5
10
20
07/17/74 Surface
5
10
20
08/28/74 Surface
5
10
20
09/26/74 Surface
5
10
20
IO/H/74 Surface
5
10
20
II / 14/74 Surface
5
10
20
Chlorophyl 1 a
(mg/m*)
1.0
1.0
3.0
1.0
5.0
1.0
1.0
1.0
2.0
2.0
4.0
1.0
2.0
3.0
5.0
1.0
2.0
2.0
2.0
0.0
4.0
4.0
2.0
1.0
2.0
2.0
2.0
2.0
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Physical Characteristics
Solar Radiation
The dally and seasonal motions of the earth with respect
to the study area produces a regular predictable pattern of '
variation In the amount or direction of sunlight. Radiant
solar energy when absorbed is converted to heat and the
amount of usable energy is dependent on the elevation of
the sun as well as on the variable atmospheric depth Influenced
by conditions such as dust and cloud cover.
Long term illumination studies In the United States for
the period 1899 to 1938 show an average of 250 clear days and
roughly 3700 hours of sunshine for southern Nevada. Data for
this area for the average number of cloudy days Is 50.
There Is an average of 12.5 hours of sunlight In summer,
June to August, and 7.5 hours of average sunlight in winter,
December through February (Kaufman and Chrlstensen, 1972).
Daily solar radiation data accumulated by the Physics
Department on the campus of the University of Nevada, Las
Vegas, were made available for this study. The values
expressed as calories per square centimeters (cal/cm^) or
Lang leys per day denote the daily and seasonal patterns
associated with the position of the sun. A maximum of 718.8
langleys par day was recorded on 06/22/74, The pattern of
solar radiation was one of gradual Increase from mid-April
when this study commenced, through June followed by a predictable
pattern of decrease Into December 1974, when minimum averages
In solar radiation values were observed.
i i i
Water Temperature
Lake Mead which freely circulates during the winter Is
best described as a warm monomlctlc lake (Hutchlnson, 1967).
The temperature of the water column at ail study stations
from April 1974 through January 1975 are presented In Tables
25 through 31. The absorption of radiant solar energy
results In heat which warms the waters of Lake Mead. Lake
Mead has an annual temperature range which never reaches a
minimum of 4°C. Minimum temperature observed was 8°C on
the bottom at Station 2 In January 1975. Maximum water
temperature recorded during this study was 29.5°C at Station
2 In June 1974.
The Innermost station at Las Vegas Wash Inlet reflects
the temperature Influence of the perennial Inflow of nutrient
enriched water. The water temperature on the bottom In
December 1974 and January 1975 was much lower (Table 25) than
the Isothermous water column for this period. The colder,
dense Industrial and municipal effluent water traverses the
bottom during this period. Because of the relatively shallow
depth and the Influence of the perennial Inflow of effluent
water, no thermal stratification was noted at Station 2.
Thermal stratification of the water column was first observed
In late May at all other stations (Tables 26 through 31.
A definite discontinuity or metalImnlon layer was present
by June 1974 at 15 meters. Reduction in dissolved oxygen
concentration In the metalimnion exists at this time and
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becomes severe by late summer. Maximum water temperatures
occurred In the eplllmnton In July at a l l stations. Maximum
solar radiation values In June Influenced the heating of
surface waters but maximum water temperatures were not
attained In June because of the poor conducting qualities
of water.
Rapid cooling of eplllmnetlc waters begins In September
and Isothermal conditions are attained by mid-December.
The divisions of Las Vegas Bay Into four seasons by
Deacon and Tew (1973) took Into consideration the number,
kind and relative proportions of the phytoplankton and
physical factors. The mixing condition during their study
was from 12/7/71 through 03/01/72. The period up to 05/01/72
was referred to as spring ollgotrophy and summer plankton
maxima was that period from May through September 15, 1972.
Ambient air temperature has a predictable seasonal and
daily pattern and correlates with the position of the sun
as well as day length. The cooling of surface waters
correlates with depressed air temperatures, resulting from
shorter days and greater Incident angle of sunlight. Maximum
ambient temperatures for this study period occurred In late
July and early August.
Light Penetration
Light penetration was measured by a submarine photometer
having a deck and sea sensor for making radlometrlc measurements,
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Since both sensors collected light In Intensity proportional
to the cosine of the angle of Incidence, It was possible to
measure percent IIght penetration.
Light measurements were taken during In-situ Incubation
to the depth at which there remained one percent of the light
falling on the surface. This depth Is referred to as the
compensation depth and Is that level within the lower range
of the euphotlc column where theoretically production or
assimilation equals respiration. Figures 18 through 24
represent light penetration data for Stations 2 through 8.
Since light penetration Is not linear, these data are shown
on semi-logarithmic paper. Maximum and minimum penetration
periods together with representative penetration measurements
are shown. A l l light penetration data expressed as percent
Incident at the surface are tabulated for all stations In
Tables 25 through 31. Figure 18 presents data on light
penetration for Station 2. Penetration to the compensation
depth Is at a minimum of 2 meters on 10/08/74. Penetration Is
to 3.5 meters on 07/13/74. On 06/15/74, the compensation
depth was 5 meters. The greatest penetration was to 8 meters
on 01/07/75. The lowest production rate together with the
depressed numbers noted for the January 1975 period correlate
with the greatest light penetration. Maximum primary
production did not occur on 10/08/74 when maximum phytoplankton
numbers were recorded. These high numbers of phytoplankton
probably Inhibited light penetration.
142
Maximum production et Station 2 was noted on 09/10/74
when 2972.0 mgC/m^/day was measured. Light penetration on
this day was to 6 meters. The cell numbers at the surface
was 2668 cells/ml. Because of the lower cell numbers and
resultant greater light penetration, higher productivity
at greater depths In the euphotlc zone occurred. Generally,
Station 2, compared to all other stations, was more turbid
and had higher phytop Iankton numbers near the surface.
Figures 19 through 24 provides light penetration data
for Stations 3 through 8. Non-1Inearlty of light trans-
mlttsnce was primarily due to shading. Shading in Boulder
Basin In the euphotlc column was probably the result of
patches or uneven horizontal distribution of phytopIankton
populations.
Higher productivity rates were generally associated with
a decrease In light penetration as a result of higher cell
numbers during the peak growing season. Light penetration
was at a maximum In January 1975, at most stations when
cell numbers were at a minimum. Maximum light penetration
was observed at Station 8. On 01/14/75 (Figure 24), light
penetration was greater than 14. meters. Seasonal data on
light penetration at Stations 6, 7 and 8 are nearly comparable
and transparency exceeded 10 meters. The clearest water occurs
In the winter months of December and January and correlates
with low phytop Iankton numbers. Transparency Is depressed
during periods of maximum phytoplankton cell numbers.
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Figure 18.
00 o
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Light Penetration, Expressed as Percent of Light Incident
at the Water Surface, April 1974 Through January 1975,
Station 2, Las Vegas Wash Inlet.
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Figure 19.
Depth In Meters
Light Penetration, Expressed as Percent of Light Incident
at the Water Surface, April 1974 Through January 1975,
Station 3, Sand Island.
100
f-
I.'--
(D
O
c
ID
a
10
.c
O)
8
— CSI f\ lf\ f— tO O\ — tN Kl
Depth In Meters
Figure 20. Light Penetration, Expressed as Percent of Light Incident
at the Water Surface, April 1974 Through January 1975,
Station 4, Las Vegas Bay Mouth.
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Figure 21. Light Penetration, Expressed as Percent of Light Incident
at the Water Surface, April 1974 Through January 1975,
Station 5, Intake Tower.
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Figure 22. Light Penetration, Expressed as Percent of Light Incident
at the Water Surface, April 1974 Through January 1975,
Station 6, Sentinel Island.
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Light Penetration, Expressed as Percent of Light Incident
at the Water Surface, April 1974 Through January 1975,
Station 7, Black Canyon.
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Figure 24. Light Penetration, Expressed as Percent of Light Incident
at the Water Surface, April 1974 Through January 1975,
Station 8, Beacon Island.
DISCUSSION
Primary Productivity
The most direct method of estimating primary productivity
In bodies of water was to take In-sltu measurements (Tailing,
I960). The values of productivity derived from this method
provided adequate averages over time If sufficient samples are
taken during the variable seasonal conditions encountered In
a specific body of water. There are many documented variations
of productivity values In different lakes. Sorokln (1959)
found that the productivity In Rybinsk!I reservoir varied
tenfold over time whereas Goldman (I960, 1961 a) noted an
Increase In assimilation values towards the Inflow of Brooks
Lake, Alaska, and lateral differences In relation to Inflow
springs In Castle Lake, California.
Primary productivity values In Boulder Basin, Lake Mead,
showed seasonal variations which were primarily attributable
to predictable patterns of solar radiation which Influenced
ambient and water temperatures.
Available nutrients associated with Inflow of treated
industrial and municipal effluent which directly Influenced
the cell numbers of phytoplankters also was associated with
higher productivity values. Goldman (I96lb) In a study of
190
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different lakes found greater variability In primary producti-
vity within a particular lake If there was an associated
problem of eutrophlcatlon from outside Input.
Monthly mean values'averaged from bi-monthly or monthly
values from the 7 Boulder Basin sampling stations (Table 39)
Indicate a definite source of artificial eutrophlcatlon
occurring at Station 2. Station 3 showed higher productivity
rates than all other outlying basin stations. During the
peak growth period observed In September 1974, there was a
growth rate of 2972 mgC/m^/day at Station 2 as compared to
173.0 mgC/m2/day at Station 8. The Station 2 value Is 17
times greater than the primary productivity value measured
at Station 8.
Regular In-sltu measurements on a large lake or reservoir
may be Inadequate to cope with variations In growth. The
maximum distance from Las Vegas Boat Harbor to the farthest
station at Beacon Island was approximately 22.5 kilometers.
Due to the distances associated with the outlying mesotrophlc
stations, usually only two stations could be sampled on any
given day. Six each light and dark bottles at each of two
stations resulted In 24 samples collected to a depth of 20
meters over an average round trip distance of roughly 40
kilometers. Goldman (I960) with the use of a fast boat,
was able to collect 30 samples to a depth of 65 meters at
3 stations over a distance of only 8 kilometers on Brooks
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Table 39. Primary Productivity In Boulder Basin, Lake Mead,
In Milligrams Carbon Assimilated Per Square Meter
of Surface Area Per Day, April 1974 Through January
1D
1
' wi
A
•
'1
i1
J
1 Month
Aprl 1
May
June
July
August
September
October
November
' December
*ii
|l January
2
1228.0
770.0
929.5
1201.2
2016.0
2972.0
640.9
472.2
259.3
198.3
3
370
773
407
769
1468
1535
579
470
186
139
.8
.5
.4
.6
.5
.0
.3
.5
.2
.0
4
137.
388.
492.
499.
877.
850,
701.
627.
248.
144.
Station Number
5 6
1
2
2
3
5
0
5
1
4
9
365
339
873
831
1120
241
251
183
.6
.8
.0
.9
.1
.4
.9
.4
268
508
288
748
343
310
333
95
7
251.7
.0
.8
.0
.4 880.0
.7 739.6
.9 484.9
.3 130.2
•2
8
190.8
244.0
528.3
173.1
168.7
170.1
92.7
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Lake. Sorokln (1958 and 1959) and Bachmann, et al. (1961)
utilized and tested a method for shipboard Incubation based
on occasional In-sltu measurements. Sorokln was able to
collect at 15 stations over a distance of 100 kilometers
at sea. Rodhe, et al. (1958) compared In-sjtu measurements
on Lake Erken and concluded that comparison between In-sltu
an(* 1""Vitro techniques cannot be expressed by a simple
factor.
The use of amphibious aircraft (Williams, 1975, personal
communication) greatly facilitates sampling of large lakes
and reservoirs as well as many lakes in a single sampling day.
Inflight or accompanying mobile laboratories also aid In the
rapid preparation and analyses of water samples.
The relationship between chlorophy!l-a, phytoplankton
numbers and primary productivity was often direct though
quite varied In time. Chlorophyll-a levels at the surface
at Station 2 correlated with the high cell numbers. Primary
productivity though high at the surface as compared to other
stations showed a maximum production level at the I meter
depth. Studies by Wetzel (1965, 1966) regarding photo-
Inhlbltlon of primary production at the surface Indicates
photooxldatlon of the chloroplast enzymes. During periods of
high standing crop, light Intensities are rapidly attenuated
resulting in high levels of photosynthesis near the surface
(Wetzel, 1966). Primary productivity values at a l l stations
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showed a gradual Increase and peaked In late August. Some
stations showed maximum values Into September or October but
these were obviously related to factors other than water
temperature or solar radiation. Phytoplankton numbers were
generally correlated with productivity. During the fall of
1974 when productivity values were rapidly declining, the
numbers of phytoplankton cells Increased greatly, especially
those of Cyclptella. A decline In water temperatures In
the fall, with the resultant circulation of nutrient-rich
waters from the hypolimnlon, seems to favor the growth and
rapid reproduction of Cyclotella. This Increase was followed
by a rapid decline In Cyclotella populations during November
and December of 1974. From September through November,
there appears to be an Inverse relationship between primary
productivity and phytoplankton numbers.
Flndenegg (1965) attributed hfs Inverse relationship
to nannoplankton which have a higher surface to volume ratio
and thus are more active than larger species in assimilating
nutrients. Algal succession as described earlier for Boulder
Basin involved dominance by Cyclotella In the fall. AsterIone I la,
Glenodtniurn, Oocystls, Carterla, Synedra, Navlcula and Anabaena
populations were encountered In spring and summer, though not
In quantities comparable to the Cyclotella populations In
the fall. Goldman, et al. (1968), Margolef (1965), Verduln
(1959), Wright (1969) and Vollenwelder and Nauwerck (1961)
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ft
all encountered Inverse relationships In their studies of
primary productivity. Filamentous blue-green algae dominated
In some of these studies and their lower photosynthetlc
efficiency was noted. Anabaena, a blue-green algae which
became dominant during peak summer growth, was quickly
succeeded by Cyclotella, a diatom. While Cyclotella was
certainly more numerous. It was also very much smaller
than Anabaena. As has been noted by the Investigators
cited above, this size difference may very largely account
for the apparent Inverse relationship.
Trophic Classification
Rodhe (1969) compiled data from a number of lakes In
northern Europe and suggested that while definite boundaries
could not be determined; nevertheless, a generalized scheme
of trophic classification could be proposed. He also pointed
out that lakes naturally and Irreslstably move toward the
eutrophlc state. The rate at which they move toward such a
condition Is of primary concern. For this reason continuing
data over many years must usually be available to determine
whether or not there has been a change In the rate of
eutrophlcation that ts attributable to the Influence of man.
Rodhe's suggested classification scheme, based on assimilation
rate Is presented In Table 41.
Average dally and yearly rates of primary production
calculated from bimonthly and monthly samples at Stations
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2 through 8 are presented In Table 40. Based on average
annual rates of assimilation, It Is apparent that Station 2
(364 gC/m2/year) Is at the lower end of the polluted ©utrophlc
category as proposed by Rodhe (1969). Assimilation rates at
Stations 3 through 8 vary from a low annual rate of 82 gC/m2/year
at Station 8 to 230 gC/m2/year at Station 3. These values fit
within the ranges outlined by Rodhe as being In the naturally
eutrophic category. Station 3 would be placed near the top
of the natural eutrophic category while Station 8 fits near
the bottom of that category. Rodhe (1969) also suggested
a trophic classification based on mean assimilation rates
during the growing season. He Indicated that mean seasonal
values above 1500 mgC/m2/day represent conditions expected
In a polluted eutrophtc lake (Table 41). Dally results for
Station 2 show that assimilation rates were within polluted
ranges on 07/30/74 (1570 mgC/m2/day), 08/08/74 (2755 mgC/m2/day)
and 09/09/74 (2972 mgC/m2/day). At Station 3, assimilation
rates were within polluted ranges on two occasions: 08/22/74
(1602 mgC/m2/day) and 09/10/74 (2108 mgC/m2/day). At no
time during the study did any other station show peak
assimilation rates which were as high as 1500 mgC/m2/day.
The lowest productivity levels encountered during this
study occurred In January 1975 at Station 6 (95.2 mgC/m2/day)
and Station 8 (92.7 mgC/m2/day). These values are within
limits of Rodhe's ollgotrophic category. However, these low
values were not observed during the growing season.
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Table 40. Average Dally and Total Yearly Primary Productivity
In Boulder Basin, Lake Mead, Clark County, Nevada,
April 1974 Through January i975:
Station
Number
Average Daily
Production
Average Yearly
Production
Average Yearly
Production
gC/m^/year
2
3
4
5
6
7
8
996.8
626.9
496.6
525.8
362.0
497.3
223.9
363,832.0
229,913.5
181,259.0
191,917.0
S32,I30.0
181,514.5
81,723.5
364
230
181
192
132
182
82
(56
Taale *!. Trophic Classification of La has Based on
Assimilation Rates of I4C (From Rodhe, 1969),
OLIGOTROPHIC
LAKES
EUTROPHIC LAKES
Natural Polluted
Meees .
Grow I
s ? n
Season
50-100
7-25
300- f 000 1500-3000
mgC/m^/day
75-250 350-700
gC/m2/year gC/m2/year
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On th« basis of average annual rates of assimilation,
take Mead can be classified as a naturally eutrophic lake.
J«fc>st stations, in fact, fall near the median values proposed
by Rodhe for es naturally eutrophic lake. The average a?;nuaF
rate of production for Stations 4 through 8 (s 153.8 gC/nr/year,
The annual value of- 182 gC/m^ /yaar calculated for Station 7
is probably too high sinca more values for tho growing period
are Included than for the non-growing season. Wetzel's
(1964, 1966) studies with lakes in Indiana showed assimilation
va'tm ranging from 359 to 1564 mgC/m2/day. Megerd (1970}
studied Lake NHnnetonka in Minnesota and found e high of
3100 rogC/m^/day. Bacon (1972) calculated average ennual
rates 6f 255 and 277 gC/m^ /year in Doe Valley lake,, Kentucky.
funk and Gaufln (1971) measured maximum '*C uptake of S2QO
«gC/m2/<jay in Lake Viva Naughton, Wyoming'. Verduln O956)
nsported max I mum assimilation rates from Lake Erie of 2000
C^/m2/day. Everett (1972) reported productivity valuos
from Lake Mead for Bureau Raft near Boulder Islands, Las
Vagas Bay between owr Stations 3 and 4 and Beacon Island
{our Station 8) as bsing greater tfwv 1500 RgC/m^ /day.
Peak vaJue reportetj' was 5200 mgC/m^ /day at the Bureau Raft.
During th« period September to Novamber 1970, assimilation
was reported to exceed 3000 mgC"/rfl2/day at all three stations
Hn Bouldar Basin.
Th* rnarkod differences bfctwsen the results obtained In
this study and those reported by Ev-arett (1972) are
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Metnocs ased in this study were evaluated as previously
descrsitesr and found to be surprisingly reproducible. On
the crrr^ r hand, Everott (1972) apparently did not evaluate
the wari ab ! ! I ty of his methods. He did use gas phase
, a system having an efficiency of about 23?, The
s^ze for Incubation was 125 ml as In our study but
only 5C f* was filtered for gas phase counting. Assuming
hcaogemaous mixing of the radfotraeer, only 0.84 uCI would
be fr=-*nEsnfed In a 50 ml aliquot of the 125 ml sample to which
2. 1C *C% *»ad teen added. The probable errors associated with
sef* *C7SorptIon during counting of obviously Sow activity
seisp. 5-sss _ coupled with the short counting times as described,
maiut 2--r Iciprobable that the counter could detect the high
reported by Everett (1972). The best gas phase
ass-i TO date have an efficiency nst exceeding 26$. It
sibld that various sampling, technical and counting
ei rc» -* «»y have boen compounded to give the unusually high
es1"&«^ 3!£ of assimilation rate reported by Everett (1972) for
Lak« *ESS±, Additional Investigation of primary productivity
In L.s&i£ *fe*d is obviously required to establish temporal
assf«p-" -^~"icn rates with confidence. However for the present,
we WSEET- *-s«uaw that somehow the results reported by Everett
(J97"Z: ^-x>ssly overestimated rates of primary productivity
3n '-^s*is& *tead. Certainly during the four year parlod 1970 tc
»-.r-"?5» fncraased nutrient Input Into Boulder Basin, slight
15 i
Increases In rate of primary productivity would be expected.
The fewer rates demonstrated by us can only be explained at
present by suggesting that significant errors may have occurred
In the earlier work.
Other studies by Goldman and Wetzel (1963) In Clear Lake,
California, Anderson (1964) off the oceanic coast of Washington
and Oregon, Taylor (1971) In TVA reservoirs, Narver (1969) In
(Jwlkeno Lake, British Columbia, Schlndler and Holmgren (1971)
In the Experimental Lakes area, Northwestern Ontario, and
Duthle and KIrton (1970) In Belwood Reservoir, Canada, have
resulted in reportable primary productivity results that are
lower than the ones presented In this study.
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SUMMARY
Annual rates of primary productivity were determined for
Boulder Basin, Lake Mead, for the period April 1974 through
January 1975.
Soven sampling stations were located within the basin.
Three stations were located In Las Vegas Bay: one at the
mouth of tho bay as It opened Into Boulder Basin, another
at Sand Island in mid-bay and ono at the western-most extre-
mity of Las Vegas Say where Las Vegas Wash enters Lake Mead.
All other stations were located In Boulder Basin and did not
Indicate any appreciable direct influence from nutriant
enriched waters of Las Vegas Wash.
The waters of Boulder Basin, Lake Mead, are part of tho
Colorado River and are characterized as hard water having
alkaUnity ranges from 67 to 193 milligrams per liter. The
average value withlr* the hypolJmnion which is uninfluenced
by the photosynthetlc action of phytop I emitters remains near
145 milligrams par liter. Lake Mead water is also characterized
as having high specific conductance (950 to 1100 umho/cm).
Th® pH values reflect the alkalina condition of the water and
rang© froa> 7.2 to 8.4.
Seasonal variations of primary productivity values
correlated with variations In aIks Unity snd pH, A rlso in
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pH values usually Indicated utilization of half bound and bound
C02 by phytopJankton photosynthesis. Carbon-14 activities were
determined by us© of a Packard Trl-Carb, Model 3375 liquid
scintillation spectrometer having two separate channels for
automatic efficiency determinations using external standardi-
zation. Automatic background subtraction was also utilised
In correcting a i l samples to net count rates. Carbon-14
assimilation was determined and expressed as both milligrams
of carbon assimilated per cubic meter per day as well as
per square mster per day.
2
Primary productivity values varied from 92.7 mgC/n /day
to2972 mgC/m^/day. Average dally production ranged from
223.9 mgC/m2/day to 995.8 mgC/ia2/day. The average yearly
production values In gC/mVy©ar were from 82 to 364. Producti-
vity values were Influenced considerably fay solar radiation,
water temperature, Influx of nutrients and the associated
total cell numbers.
Bouicier Basin can best be classified as a naturally
autrophic body of water snd !s specifically less than the median
value on Rodho's scale of naturally eutrophlc lakes.
Station 2, naar the inlet of Las Vegas Wash with an
averege ennual assimilation rate of 364 gC/m^/year, Is the
only station fitting Rodhe's category of a polluted lake.
Station 3 Is characterized as being at the top of the natural
eutrophic category. All other stations in Boulder Basin have
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average annual growth rates which characterize Boulder Basin
as being about median for the natural eutrcphfc category
outlined by Rodhe <!969).
The average annual rates of primary productivity esta-
blished as a base Hne during this study w i l l aid In estimations
of changes !n trophic conditions In Lake Mead In the future.
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